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III. REAL PARTY IN INTEREST 

The real party in interest in this appeal is BASF Aktiengesellschaft (BASF), 
Ludwigshafen, Germany, the assignee of the entire right, title, and interest to the above- 
identified application. The assignment was recorded in the United States Patent and 
Trademark Office (USPTO) at Reel 19861, Frame 0039 on September 13, 2007, which 
constitutes the entire chain of title from the inventors to BASF. 
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IV. RELATED APPEALS AND INTERFERENCES 

There are no related appeals or interferences known to appellants, appellants' legal 
representative, or the assignee which will directly affect or be directly affected by, or have a 
bearing on, the Board's decision in the appeal. 
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V. STATUS OF CLAIMS 

A. HISTORY 

This application was originally filed with claims 21. 

B. CURRENT STATUS OF CLAIMS 

Claims added: 22-27. 
Claims cancelled: 18-22. 

Claims withdrawn from consideration, but not cancelled: None. 
Claims pending: 1-17 and 23-27. 

C. CLAIMS ON APPEAL 

The claims on appeal are claims 1-17 and 23-27. 
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VI. STATUS OF AMENDMENTS 

Appellants filed a response to a final Office Action on November 2, 2010. The 
response was entered, and an Advisory Action was mailed November 17, 2010. No 
amendment or response was filed in response to the Advisory Action of November 17, 2010. 
A Notice of Appeal was filed on December 3, 2010. Appellants understand that the current 
form of the claims is represented by the Response to Office Action, filed November 2, 2010, 
and as reproduced in the Claims Appendix below. 
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VII. SUMMARY OF CLAIMED SUBJECT MATTER 

The present invention is directed to swellable hydrogel-forming polymer particles 
having at least one hydrophilic polymer of dendritic structure (dendritic polymer) and at least 
one water-insoluble phosphate present on the surfaces of the particles. 

Example 5 provides an excellent description of the invention recited in independent 
claim 1 and the dependent claims. In particular, the example discloses the preparation of 
superabsorbent (SAP) particles from a monomer solution containing partially neutralized 
acrylic acid (specification, page 19, line 41 through page 20, line 6). The SAP particles are 
dried, then sized to a desired particle size range by sieving (specification, page 20, lines 8 and 
9). The SAP particles then are postcrosslinked, wherein the postcrosslinking solution 
contains a dendritic polymer (BOLTORN H-40) and tricalcium phosphate (specification, 
page 20, lines 29-36). The postcrosslinking solution is sprayed onto the SAP particles to 
position the dendritic polymer and water-insoluble phosphate on the surfaces of the SAP 
particles (specification, page 20, lines 40-41). The dendritic polymer and water-insoluble 
phosphate also can be applied to the SAP particle surfaces in the same manner in the absence 
of a surface postcrosslinker (specification, page 5, lines 30-35, for example). 

Postcrosslinked SAP particles are illustrated in the attached exhibit at page A-_, i.e., 
page 97 from Modern Superabsorbent Polymer Technology, T. Buchholz et al. eds. (1998). 
Fig 3.9 of page 97 illustrates the position of the dendritic polymer and water-insoluble 
phosphate on the surfaces of the SAP particles, with or without surface postcrosslinking. 

More particularly, independent claim 1 recites swellable hydrogel-forming polymer 
particles comprising (a) hydrogel-forming polymer particles (specification, page 8, line 27 
through page 9, line 3), (b) at least one hydrophilic polymer of dendritic structure, 
(specification, page 3, line 42 through page 4, line 4), and (c) at least one water-insoluble 
phosphate (specification, page 3, lines 27-33), wherein (b) and (c) are present on the surfaces 
of particles (a) (specification, page 20, line 29 through page 21, line 6). 

Claim 23 recites that the hydrogel-forming polymer particles (a) comprise a partially 
neutralized polyacrylic acid (specification, page 8, lines 32-35; page 12, lines 9-13; and page 
19, lines 42-45). 

Claim 2 recites that the hydrophilic polymer of dendritic structure comprises a 
polyester formed from a polyol and 2,2-dimethylolpropionic acid (specification, page 4, lines 
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21-29). Claim 3 recites that the hydrophilic polymer of dendritic structure comprises a 
polypropyleneimine, a polyamidoamine, or a polyesteramide (specification, page 5, lines 4- 
13). 

Claim 25 recites that the hydrophilic polymer of dendritic structure is present on the 
surfaces of particles (a) from 0.005% to 10%, by weight, of the swellable hydrogel-forming 
polymer particles (specification, page 5, lines 24-25). 

Claim 4 recites that the water-insoluble phosphate comprises a calcium phosphate 
(specification, page 19, line 31 and page 20, line 38). 

Claim 26 recites that the hydrophilic polymer of dendritic structure comprises a 
polyester formed from a polyol and 2,2-dimethylolpropionic acid and the water insoluble 
phosphate comprises a calcium phosphate (specification, page 4, lines 21-29, page 19, line 
3 1 , and page 20, line 38). 

Claim 27 recites that the hydrophilic polymer of dendritic structure comprises a 
polypropyleneimine, a polyamidoamine, or a polyesteramide and the water insoluble 
phosphate comprises a calcium phosphate (specification, page 5, lines 4-13, page 19, line 31, 
and page 20, line 38). 

Claim 5 recites that the polymer particles further comprise a powdery additive, a 
dusty additive, or a mixture thereof (specification, page 7, lines 22-27). Claim 6, which 
depends from claim 5, recites that the additive comprises a metal salt, a pyrogenic silica, a 
polysaccharide, a nonionic surfactant, a wax, diatomaceous earth, or mixtures thereof 
(specification, page 7, lines 27-30). Claim 7, which also depends from claim 5, recites that 
the additive is present in the form of hollow microspheres which are from 1 to 1000 jim in 
diameter and whose wall thickness comprises from 1% to 10% of said diameter 
(specification, page 7, lines 37-42). 

Claim 24 recites that the particles are surface-postcrosslinked with at least one surface 
postcrosslinker (specification, page 13, line 8 through page 14, line 13). 

Claim 8 recites that the polymer particles comprise less than 50 weight ppm of 
particles less than 10 (im in diameter (specification, Examples 4 and 5). Claim 9 recites that 
the polymer particles comprise less than 50 weight ppm of particles less than 10 pm in 
diameter after exposure to a mechanical stress (specification, Examples 4 and 5). 
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Claim 10 recites polymer particles wherein not less than 90% by weight of the 
particles are between 150 and 500 jim in diameter and which are characterized by a CRC of 
not less than 25 g/g, an AUL or not less than 22 g/g, and an SFC of not less than 80 x 10" 7 
cm 3 sg" 1 (specification, page 12, lines 34-38 and page 8, lines 1-16). 

Claim 1 1 recites polymer particles wherein not less than 90% by weight of the 
particles are between 100 and 600 jam in diameter and which are characterized by a CRC of 
not less than 25 g/g, an AUL of not less than 22 g/g, and an SFC of not less than 60 x 10" 7 
cm 3 sg" 1 (specification, page 12, lines 34-38 and page 8, lines 1-16). 

Claims 12 and 13 depend from claim 11, and recite particles wherein not less than 
95% (claim 12) or not less than 99% (claim 13) by weight of the particles are between 100 
and 600 jam in diameter (specification, page 12, lines 34-38). 

Claim 14 recites polymer particles having a CRC of not less than 26 g/g and an AUL 
of not less than 23 g/g (specification, page 8, lines 8-16). 

Claim 15 recites polymer particles having a CRC of not less than 30 g/g and an AUL 
of not less than 25 g/g (specification, page 8, lines 8-16). 

Claim 16 recites polymer particles having an SFC of not less than 80 x 10~ 7 cm 3 sg" 1 
(specification, page 8, lines 1-6). 

Claim 17 recites polymer particles having an SFC of not less than 120 x 10" 7 cm 3 sg" 1 
(specification, page 8, lines 1-6). 
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VIII. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

Whether claims 1,3-15, 23-25, and 27 would have been obvious under 35 U.S.C. 
§103(a) over Wada et al. U.S. Patent No. 5,797,893 ('893) in view of Abuelyaman et al. U.S. 
Patent Publication No. 2001/0020062 ('062 publication), Tomalia et al. U.S. Patent No. 
4,507,466 ('466), and Wada et al. U.S. Patent Publication 2004/0048955 ('955 publication). 

Whether claims 2 and 26 would have been obvious under 35 U.S.C. § 103(a) over the 
'893 patent in view of the '062 publication, the '466 patent, the '955 publication, and Hult et 
al. U.S. Patent 5,418,301 ('301). 

Whether 16 and 17 would have been obvious under 35 U.S.C. §103(a) over the '893 
patent in view of the '062 publication, the '466 patent, the '955 patent, and Goldman et al. 
U.S. Patent No. 5,562,646 ('646). 

For the purposes of the issues on appeal, claims 2-17 and 23-27 are grouped and 
argued with claim 1 . 
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IX. ARGUMENT 

A. INTRODUCTION 

Appellants submit that the rejections issued in the final Office Action are in error, and 
that the present application is in condition for allowance. Appellants respectfully request the 
Board to review and reverse each obviousness rejection issued in the final Office Action. 

B. PROPER BASIS FOR A § 103(a) OBVIOUSNESS REJECTION 

A determination that a claimed invention would have been obvious under § 103(a) is a 
legal conclusion involving four factual inquiries: (1) the scope and content of the prior art; 
(2) the differences between the claimed invention and the prior art; (3) the level of ordinary 
skill in the pertinent art; and (4) secondary considerations, if any, of non-obviousness. 
Graham v. John Deere Co., 383 U.S. 1, 17-18 (1966). Obviousness is determined from the 
vantage point of a hypothetical person having ordinary skill in the art which the claimed 
subject matter pertains, who is presumed to have all prior art references in the field of the 
invention available to him/her. In re Rouffet, 149 F.3d 1350, 1357 (Fed. Cir. 1998). 
Furthermore, obviousness must be determined as of the time the invention was made and in 
view of the state of the art that existed at that time. Uniroyal Inc. v. Rudkin-Wiley Corp., 837 
F.2d.l044, 1050-51 (Fed. Cir. 1988). 

The Patent Office must clearly articulate facts and reasons why the claimed invention 
"as a whole" would have been obvious to a hypothetical person having ordinary skill in the 
art at least as of the claimed invention's effective filing date. KSR Int'l Co. v. Teleflex Inc., 
121 S.Ct. 1727, 1741 (2007) (citing with approval In re Kahn, 441 F.3d 977, 988 (Fed. Cir. 
2006) ("[Rejections on obviousness grounds cannot be sustained by mere conclusory 
statements; instead, there must be some articulated reasoning with some rational 
underpinning to support the legal conclusion of obviousness.")); see also MPEP §2143 ("The 
key to supporting any rejection under 35 U.S.C. §103 is the clear articulation of reason(s) 
why the claimed invention would have been obvious."). 

To reach a proper determination under 35 U.S.C. § 103(a), the examiner must step 
backward in time and into the shoes worn by the hypothetical "person of ordinary skill in the 
art" when the invention was unknown and just before it was made. In view of all factual 
information, the examiner must then make a determination whether the claimed invention "as 
a whole" would have been obvious at that time to that person. Knowledge of appellants 1 



11 



Application No. 10/589,727 



Docket No. 29827/42263 



disclosure must be put aside in reaching this determination, yet kept in mind in order to 
determine the "differences," conduct the search, and evaluate the "subject matter as a whole" 
of the invention. The tendency to resort to "hindsight" based upon appellants 1 disclosure is 
often difficult to avoid due to the very nature of the examination process. However, 
impermissible hindsight must be avoided and the legal conclusion must be reached on the 
basis of the facts gleaned from the prior art. MPEP §2142. It is impermissible to use the 
claimed invention as an instruction manual or "template" to piece together the teachings of 
the prior art so that the claimed invention is rendered obvious. In re Gorman, 933 Fed. 2d 
982, 987, 18 USPQ 2d 1885, 1888 (Fed. Cir. 1991). In re Fritch, 23 USPQ 2d 1780 at 1784 
(Fed. Cir. 1992). 

As articulated by the Court of Appeals for the Federal Circuit in Ortho-McNeil 
Pharmaceutical Inc. v. Mylan Laboratories Inc., 86 USPQ 2d, 1 196, 1201-2 (Fed. Cir. 2008): 

"As this court has explained, however, a flexible TSM test remains the 
primary guarantee against a non-statutory hindsight analysis such as occurred 
in this case. In re Translogic Tech., Inc. 504 F.3d 1249, 1257 [84 USPQ 2d 
1929] (Fed. Cir. 2007) ("[A]s the Supreme Court suggests, a flexible approach 
to the TSM test prevents hindsight and focuses on evidence before the time of 
invention.)." 

Furthermore, to establish a prima facie case of obviousness, three requirements must 
be satisfied. First, the prior art references must teach or suggest all the limitations of the 
claims. In re Wilson, 165 USPQ 494, 496 (C.C.P.A. 1970). Second, as held in KSR 
International Co. v. Teleflex Inc. et al., 127 S.Ct. 1727 (2007), "a court must ask whether the 
improvement is more than the predictable use of prior art elements according to their 
established functions. . . .it [may] be necessary for a court to look to interrelated teachings of 
multiple patents; the effects of demands known to the design community or present in the 
marketplace; and the background knowledge possessed by a person having ordinary skill in 
the art, all in order to determine whether there was an apparent reason to combine the known 
elements in the fashion claimed by the patent at issue. .. .it can be important to identify a 
reason that would have prompted a person of ordinary skill in the relevant field to combine 
the elements in the way the claimed new invention does... because inventions in most, if not 
all, instances rely upon building blocks long since uncovered, and claimed discoveries almost 
of necessity will be combinations of what, in some sense, is already known." (emphasis 
added, KSR, supra). Third, the proposed modification of the prior art must have had a 
reasonable expectation of success, determined from the vantage point of the skilled artisan at 
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the time the invention was made. Amgen Inc. v. Chugai Pharm. Co., 18 USPQ2d 1016, 1023 
(Fed. Cir. 1991). 

Once the Patent Office properly sets forth a prima facie case of obviousness, the 
burden shifts to appellants to come forward with evidence and/or argument supporting 
patentability. See In re Glaug, 283 F.3d 1335, 1338 (Fed. Cir. 2002). Rebuttal evidence is 
merely a showing of facts supporting the opposite conclusion." In re Piasecki, 745 F.2d 
1468,1472 (Fed. Cir. 1984). Evidence rebutting a prima facie case of obviousness can 
include "evidence of unexpected results," Pfizer, Inc. v. Apotex, Inc., 480 F.3d 1348 1369 
(Fed. Cir. 2007); or "evidence that the prior art teaches away from the claimed invention in 
any material respect," In re Peterson, 315 F.3d 1325, 1331 (Fed. Cir. 2003). The Patent 
Office must always consider such evidence supporting patentability. See, e.g., In re Sullivan, 
498 F.3d 1345, 1352-53 (Fed. Cir. 2007). Comparative data in the specification illustrating 
the claimed invention must be considered in reaching a conclusion of obviousnes. In re 
Margolis, 788 F.2d 1029, 228 USPQ 940 (Fed. Cir. 1986). 

In addition, appellants respectfully note that the teaching or suggestion to make the 
claimed combination and the reasonable expectation of success must both be found in the 
prior art, and not based on appellants 1 disclosure. In re Vaeck, 947 F.2d 4899 (Fed. Cir. 
1 991 ). The mere fact that the prior art may be modified in the manner suggested by the 
examiner does not make the modification obvious unless the prior art suggests the desirability 
of the modification. In re Gordon, 733, F.2d at 902, 221 USPQ at 1 127. In re Fritch, 23 
USPQ 2d 1780, 1783-1784 (Fed. Cir. 1992). The Court in KSR further emphasized the 
importance of identifying a reason that would have prompted a person of ordinary skill in the 
relevant field to combine the elements in the way the claimed new invention does (Id., 
emphasis added). 

C. REJECTION OF CLAIMS 1, 3-15, 23-25, AND 27 UNDER 35 U.S.C. 

§103 AS BEING OBVIOUS OVER WADA ET AL. U.S. PATENT NO. 
5,797,893 ( f 893) IN VIEW OF ABUELYAMAN ET AL. U.S. PATENT 
PUBLICATION NO. 2001/0020062 ('062 PUBLICATION), TOMALIA 
ET AL. U.S. PATENT NO. 4,507,466 ( f 466), AND WADA ET AL. U.S. 
PATENT PUBLICATION NO. 2004/0048955 ('955 PUBLICATION) 

Claims 1, 3-15, 23-25, and 27, directed to swellable hydrogel-forming polymer 
particles, stand rejected under 35 U.S.C. §103 as being obvious over the '893 patent in view 
of the f 062 publication, the '466 patent, and the '955 publication. 
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1. Disclosure of the f 893 Publication 

The f 893 patent discloses an absorbing agent composition containing an absorbent 
resin, a water-insoluble inorganic powder, and a polyamine compound (column 5, lines 17- 
38). Numerous polyamine compounds are disclosed in the '893 patent at column 10, line 57 
through column 11, line 59. The r 893 patent fails to teach or suggest any dendritic polymer, 
and the extensive list of polyamines disclosed in the '893 patent contains no dendritic 
polymers. 

The polyamines disclosed in the '893 patent are linear polymers, either crosslinked or 
uncrosslinked, of the class of polymers I or II shown at attached Appendix page A-25, 
previously provided to the examiner. The structure of the polyamines of the '893 patent are 
substantially different from a dendritic polymer, and the properties also are substantially 
different. 

It is important to note that the f 893 patent states that the polyamine "must contain" at 
least one of a primary, secondary, or tertiary amino group, i.e., a nitrogen containing group 
( f 893 patent, column 10, lines 53-57). It also must be noted that an amino group of an amine, 
i.e., -NR 2 , is different in structure, reactivity, and properties from an amido group of an 
amide, i.e., -C(=0)NR 2 . 

The list of polyamine examples of the f 893 patent refers to "polyalkyleneimine" and 
"polyamidopolyamine". However, as explained above, such polyamines have a structure and 
properties substantially different from a dendritic polymer. In a September 28, 2009 
response to an Office Action, appellants provided Exhibits A-H showing the structure of a 
dendritic polymer and how this structure differs from the standard polyamines disclosed in 
the f 893 patent. The extensive Exhibits are not attached for the sake of brevity. In short, the 
term "polyamine" or "polyamidoamine" defines the functional groups and types of bonding in 
the polymers, but not the structure of the polymer. It is well known in the art that different 
polymer structures lead to different properties. 

More particularly, the publication, D.A. Tomalia, Scientific American, 272, pages 62- 
66 (1995), submitted with the amendment of September 28, 2009 as Exhibit B, illustrates the 
radial structure of a dendritic polymer resulting from the stepwise reactions used to prepare a 
dendritic polymer. The stepwise preparation of a dendritic polymer also is discussed in the 
present specification at page 4, lines 10-13. Appellants further provided a technical brochure 
for BOLTORN® dendrite polymers as Exhibit C in the September 28, 2009 amendment, also 
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attached hereto as Appendix pages A-8 to A-15, which provides another illustration of a 
dendritic polymer. 

2. Disclosure of the f 062 Publication 

The f 062 publication discloses dispersants that adsorb to hydrophobic particle surfaces 
(abstract). The hydrophobic particles disclosed in the '062 publication are inorganic 
compounds, such as insoluble pigments (paragraphs [0059]-[0063]). The dispersant reduces 
the tendency of hydrophobic particles to agglomerate. The f 062 publication discloses a 
"hydrophobic particle" that is nonpolar or has a nonpolar surface ( f 062 publication, paragraph 
[0027]). The '062 publication is not remotely directed to hydrogel forming polymer particles, 
which are hydrophilic and absorb several times their weight of aqueous media. 

Further, the dispersants of the '062 publication are dendritic polymers that have been 
modified by chemical reactions "to attach ionizable moieties and peripheral nonpolymerized 
nonpolar hydrocarbon hydrophobic moieties" ('062 publication, paragraphs [0031] and 
[0047] and Fig. 1). See [0081 ]~[0084] of the '062 publication, wherein the BOLTORN 
dendritic polymers are highly modified to provide the dispersants of the '062 publication. 
Importantly, the BOLTORN H30 that is modified in the '062 publication (see '062 
publication, paragraph [0053] and paragraphs [0082]~[0083]) is not apolyamine, but rather is 
a polyhydroxy compound free of amino groups (see '062 publication paragraph [0053], 
structure of BOLTORN H30 in Exhibit C previously provided with Amendment "B" on 
September 28, 2008 and attached hereto as Appendix page A-10, and in WO 2008/071575, 
page 5, previously submitted to the examiner as Exhibit B on December 29, 2008). 

The dispersants of the '062 publication therefore have a structure substantially 
different from the dendritic polymer used as a starting material, and neither the modified nor 
the unmodified dendritic polymer of the f 062 publication are polyamines. Further, the '062 
publication fails to teach or suggest using a dendritic polymer that has not been modified as a 
dispersant. 

3. Disclosure of the f 466 Patent 

The f 466 patent is directed to dendritic polymers having increased terminal group 
densities, and therefore a greater and more uniform reactivity ('466 patent, abstract). The 
'466 patent discloses preparation of the dense dendritic polymers at columns 7-9. For 
example, the f 466 patent teaches reacting a "polyamidoamine dendrimer" (column 9, lines 29- 
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30) with an a, p-ethylenically unsaturated ester to form a polyester. See the structure in the 
f 466 patent at the top of columns 1 1 and 12, for example; particularly noting that the 
polyester contains a plurality of nitrogen atoms as amide and as tertiary amino groups. 

The f 466 patent therefore merely discloses various dendritic polymers having 
increased terminal group densities with no suggestion as to their use with hydrogel-forming 
polymer particles. 

4. Disclosure of the '955 Publication 

The f 955 publication is directed to a water-absorbent composition. The composition 
can be used in absorbing products, such as a paper diaper. As discussed below, the '955 
publication fails to add anything to the disclosure of the f 893 patent, which also is directed to 
water-absorbent compositions that can be used in a paper diaper. 

5. Rejection of Claims 1, 3-15, 23-25, and 27 under 35 U.S.C. §103 As 
Being Obvious over the f 893 Patent in View of the f 062 Publication, 
the '466 Patent, and the '955 Publication 

The basis of this rejection is that the '893 patent discloses an absorbing agent 
composition containing absorbent organic polymer particles, a water-insoluble inorganic 
powder, and a polyamine compound, and the f 062 publication discloses a dendritic polymer 
dispersant for inorganic hydrophobic particles. The examiner contends that it therefore 
would have been obvious to utilize a dendritic polymer of the f 062 publication in the 
absorbing composition of the f 893 patent. The f 466 patent is cited for disclosing specific 
dendritic polyamidoamines. The '955 publication adds little or nothing to the f 893 patent. 

The '062 publication is not even the same field of endeavor as the f 893 patent, i.e., 
hydrophobic inorganic particles vs. hydrophobic organic particles. The '062 publication 
discloses dispersants that adsorb to hydrophobic inorganic particle surfaces (abstract) and 
prevent the agglomeration of hydrophobic particles (paragraph [0027]). The hydrophobic 
particles disclosed in the '062 publication are inorganic compounds, such as insoluble 
pigments (paragraphs [0059]-[0063]). The dispersant reduces the tendency of hydrophobic 
particles to agglomerate. The '062 publication discloses a "hydrophobic particle" that is 
nonpolar or has a nonpolar surface ( f 062 publication, paragraph [0027]). The f 062 publication 
is not remotely directed to the claimed hydrogel forming polymer particles, which are polar, 
are hydrophilic, absorb large amounts of aqueous media, and have polar surfaces. The 
inorganic hydrophobic particles of the f 062 publication are substantially different from 
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organic water-absorbing particles, in structure and in properties. Further, the dendritic 
polymers of the '062 publication, which have been modified, are substantially different from 
the polyamidoamines of the f 893 patent, both in structure and in properties. 

Appellants fail to see a common sense incentive from the '062 publication for a person 
skilled in the art to utilize a dendritic polymer in connection with a hydrophilic polymer of 
the '893 patent. The f 062 publication is limited to preventing agglomeration of hydrophobic 
inorganic particles and provides no reasonable expectation of success when used with 
hydrophilic polymer particles. In addition, the f 062 publication, directed to modified 
dendritic polymers that prevent agglomeration, contains no teaching or suggestion of any 
effect on the absorbing properties of a polymer. In fact, there could not be any such teaching 
because the '062 publication is limited to hydrophobic particles, i.e., particles that repel rather 
than attract and absorb water. 

Appellants show in the specification that a combination of dendritic polymer and 
water-insoluble phosphate on a water-absorbing particle surface drastically increases the SFC 
value of the particles from 33-35 to 62. Appellants specifically point to Table 1, at page 22 
of the specification, wherein the combination of a claimed dendritic polymer and claimed 
water-insoluble phosphate (Example 4) provided an unexpected and unpredicted 
improvement in SFC values over Examples 1-3, which included neither or only one of the 
dendritic polymer and water-insoluble phosphate. Also see Examples 5 and 6. The dendritic 
polymer used in the present examples is BOLTORN® 40. See previously provided Exhibit B, 
i.e., WO 2008/071575, pages 4 and 5, and Appendix pages A-8 to A-15, for the structures of 
a dendritic polymer recited in claims 2, 3, 26, and 27. Such dendritic polymers are not 
disclosed in the '893 patent or the '062 publication. Such an unexpected increase could not 
have been predicted from a combination of the '893 patent and the '062 publication. 

It is noted that for any rationale used by an examiner to support an obviousness 
rejection, the results of a modification suggested by the examiner must have been predictable. 
The examiner has failed to satisfy this requirement. In particular, a number of rationales that 
may be used to support a conclusion of obviousness have been articulated. See KSR Int'l Co. 
v. Teleflexlnc., 127 S.Ct. 1727, 1739-40 (2007). These rationales are described at MPEP 
§2143, Eighth Edition, Revision 8 (July 2010). Regardless of the supporting rationale the 
Patent Office must clearly articulate facts and reasons why the claimed invention "as a 
whole" would have been obvious to a person at ordinary skill in the art at least as of the 
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claimed invention's effective filing date. See KSR Int% 127 S.Ct at 1741; see also MPEP 
§2143 ("The key to supporting any rejection under 35 USC §103 is the clear articulation of 
reason(s) why the claimed invention would have been obvious."). 

The rationale relied upon by the examiner in this rejection apparently is as follows: 

"B. Simple Substitution of One Known Element for Another To Obtain 
Predictable Results 

To reject a claim based on this rationale, Office personnel must resolve 
the Graham factual inquiries. Office personnel must then articulate the 
following: 

(1) a finding that the prior art contained a device (method, product, 
etc.) which differed from the claimed device by the substitution of some 
components (step, element, etc.) with other components; 

(2) a finding that the substituted components and their functions were 
known in the art; 

(3) a finding that one of ordinary skill in the art could have substituted 
one known element for another, and the results of the substitution would have 
been predictable^ and 

(4) whatever additional findings based on the Graham factual inquiries 
may be necessary, in view of the facts of the case under consideration, to 
explain a conclusion of obviousness. 

The rationale to support a conclusion that the claim would have been 
obvious is that the substitution of one known element for another would have 
yielded predictable results to one of ordinary skill in the art at the time of the 
invention. If any of these findings cannot be made f then this rationale cannot 
be used to support a conclusion that the claim would have been obvious to one 
of ordinary skill in the art." 

To illustrate the importance of the SFC value in connection with hydrogel-forming 
polymers, appellants submit concurrently with this response the relevant portions of Goldman 
et al. U.S. Patent No. 5,599,335 (*335) as Appendix pages A-16 to A-22, which were 
previously presented to the examiner. This exhibit explains that SFC values demonstrate the 
permeability of a hydrogel layer formed from hydrogel-forming polymers. The present 
invention greatly improved this important absorption property of a hydrogel-forming 
polymer, which could not have been predicted from the cited references, i.e., the ? 893 patent 
is silent with respect to dendritic polymers and SFC has no meaning for a hydrophobic 
inorganic particle that does not absorb water. 
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Further, the dispersants of the '062 publication are dendritic polymers that have been 
modified by chemical reactions "to attach ionizable moieties and peripheral nonpolymerized 
nonpolar hydrocarbon hydrophobic moieties" ( f 062 publication, paragraph [0047]). See 
[0081]-[0084] of the f 062 publication, wherein the BOLTORN dendritic polymers (the type 
used in the present examples, and claimed in claims 2 and 26) are highly modified to provide 
the dispersants of the f 062 publication. Importantly, BOLTORN H30, either unmodified or 
modified as in the f 062 publication (see paragraphs [0082]-[0083]), is not a polyamine, but 
rather is a polyhydroxy compound free of amino groups (see structure of BOLTORN H30 in 
Exhibit C previously provided with Amendment "B" on September 28, 2008 in Appendix 
pages A-8 to A- 15). It is noted that the '893 patent teachings require a polymer bearing 
amino groups. 

The dispersants of the '062 publication therefore have a structure substantially 
different from the dendritic polymer used as a starting material, and neither the modified nor 
the unmodified dendritic polymers of the '062 publication are polyamines. The f 893 patent 
requires a polyamine, and accordingly a person skilled in the art would not substitute a 
modified or an unmodified dendritic polymer disclosed in the ? 062 publication for a 
polyamine of the ? 893 publication. Further, the '062 publication fails to teach or suggest 
using a dendritic polymer that has not been modified as a dispersant. 

In view of the teachings of the '893 patent and '062 publication, a person skilled in the 
art would not have combined the references in a way that leads to the presently claimed 
invention. As stated above, a substitution of the polyhydroxy dendritic polymer (modified or 
unmodified) disclosed in the f 062 publication destroys the teachings of the '893 patent which 
explicitly discloses the need for a polyamine. It is submitted that a person skilled in the art 
would have had no incentive or apparent reason to make this substitution, let alone a 
substitution using an unmodified dendritic polymer. 

Not only does the f 062 publication disclose dendritic polymers that do not contain the 
amino groups that are explicitly taught as necessary by the '893 patent, the f 062 publication 
utilizes a modified dendritic polymer to prevent agglomeration of hydrophobic particles. The 
f 062 publication defines hydrophobic particles as being non-polar. However, the claimed 
hydrogel forming particles are hydrophilic, i.e., water absorbing. A person skilled in the art 
therefore would have had no apparent reason to position a modified dendritic polymer of the 
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f 062 publication, or any unmodified dendritic polymer, on a hydrophilic, hydrogel-forming 
particle. 

If the examiner contends that a modified dendritic polymer of the '062 publication 
would be positioned on a hydrogel-forming particle because of the presence of a water- 
insoluble phosphate, such a substitution would not be made for the reasons set forth above. 
The f 062 publication specifically teaches that a dendritic polymer must be modified to 
perform as a dispersant for a hydrophobic particle. The '062 publication fails to teach or 
suggest that an unmodified dendritic polymer can perform as a dispersant and the f 893 patent 
requires a polyamine, thus substitution of an unmodified dendritic polymer on a hydrogel- 
forming particle coated with a water-insoluble phosphate would not provide a predictable 
result. 

Further, it is submitted that in view of the substantial difference in structure and 
properties between a polyamine disclosed in the '893 patent and a modified or unmodified 
dendritic polymer, a person skilled in the art would not have substituted a dendritic polymer 
for the polyamine of the '893 patent with any reasonable or predictable expectation of 
providing a hydrogel forming particle having improved properties, as disclosed in the f 893 
patent. 

Importantly, a person skilled in the art could not have predicted the unexpected jump 
in SFC values provided by the presently claimed invention, as demonstrated in Table 1 of the 
specification, from a combination of the f 893 patent in combination with the '062 publication. 

It is submitted therefore that a combination of the '893 patent and the '062 publication 
does not render claims 1, 3-15, 23-25, and 27 obvious. The '466 patent and '955 publication 
do not cure the deficiencies of the '893 patent and '062 publication. The '955 publication adds 
nothing to the '893 patent; both are directed to water-absorbing particles. See '893 patent, 
columns 5-9. The '466 patent merely discloses various unmodified dendritic polymers with 
no suggestion as to their use with hydrogel-forming polymer particles. The dendritic 
polymers of the '446 patent can be starting materials for the modified dendritic polymer of 
the '062 publication. As discussed above with respect to a combination of the '893 patent and 
'062 publication, a person skilled in the art would have had no apparent reason or incentive to 
substitute a dendritic polymer of the '466 patent for the polyamidoamine of the '893 patent. 
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For all the reasons set forth above, it is submitted that a combination of the f 893 
patent, '062 publication, '466 patent, and '955 publication fails to render claims 1,3-15, 23- 

25, and 27 obvious under 35 U.S.C. §103. 

D. REJECTION OF CLAIMS 2 AND 26 UNDER 35 U.S.C. §103 AS BEING 
OBVIOUS OVER THE '893 PATENT IN VIEW OF THE f 062 
PUBLICATION, THE f 466 PATENT, THE f 955 PUBLICATION, AND 
HULT U.S. PATENT NO. 5,418,301 ( f 301) 

Claims 2 and 26, directed to swellable hydrogel-forming polymer particles, stand 
rejected under 35 U.S.C. §103 as being obvious over the f 893 patent in view of the '062 
publication, the '466 patent, and the '955 publication, and the f 301 patent. 

1. Disclosure of the '301 Patent 

The f 301 patent is directed to a dendritic macromolecule having a structure depicted in 
Fig. 1 of the '301 patent. The dendritic macromolecules contain a plurality of hydroxyl 
groups and ester groups, but are free of amino and amido groups. The 301 patent fails to 
teach or suggest using a disclosed dendritic macromolecule with water-absorbing polymeric 
particles. 

2. Rejection of Claims 2 and 26 under 35 U.S.C. §103 As Being 
Obvious over the f 893 Patent in View of the f 062 Publication, the 
f 466 Patent, the f 955 Publication, and the '301 Patent 

The f 893 patent, '062 publication, '466 patent, and '955 publication have been 
discussed above. In addition, the patentability of independent claim 1 over a combination of 
the '893 patent, '062 publication, f 466 patent, and '955 publication has been discussed above. 
The f 301 patent does not overcome the deficiencies of these four cited references. The '301 
patent is relied upon for a disclosure of the type of dendritic polymer recited in claims 2 and 

26. However, a person skilled in the art would not have substituted a dendritic polymer of 
the 301 patent for a polyamine of the f 893 patent for the reasons set forth above in Section C. 

With further respect to claims 2 and 26, the Board's attention is directed to the '893 
patent, at column 10, lines 53-57, stating that the polyamine "must contain" at least one of a 
primary, secondary, or tertiary amino group, i.e., a nitrogen containing group. This should be 
compared to a dendritic polymer of the type recited in the claims 2 and 26, and utilized in the 
examples of the specification, i.e., BOLTORN H-40, and in the '062 publication, i.e., 
BOLTORN polyols, the structure of which is illustrated in Appendix pages A-8 to A- 15, and 
in Exhibit C previously provided with the Amendment of September 29, 2009. 
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The dendritic polymer recited in claim 2 and 26 are formed from a polyol and 
2,2-dimethylolpropionic acid and has a vastly different structure from the polymer of the '893 
patent, e.g., contains no nitrogen atoms as amide or amino groups. 

CH 2 OH 



These dendritic polymers are neither taught nor suggested by the '893 patent. The '893 patent 
is silent with respect to the dendritic polymers recited in claims 2 and 26. The '893 patent 
polyamine requires ammo-groups. The remaining references provide no apparent reason to 
substitute a dendritic polymer of claims 2 and 26 (free of amino groups) for the polyamine of 
the ! 893 patent. In fact, such a substitution would destroy the teachings of the f 893 patent. 
The explicit teachings of the f 893 patent clearly teach persons skilled in the art away from any 
arguable substitution of a dendritic polymer of claim 2 or 26 for a polyamine of the f 893 
patent. 

In particular, as discussed above, the '893 patent requires a polyamine containing 
amino groups. The dendritic polymer of the 301 patent, and those recited in claims 2 and 26, 
do not contain amino groups. Accordingly, substituting a dendritic polymer of the 301 patent 
for the polyamine of the '893 patent would destroy the teachings of the '893 patent. The f 893 
patent teaches away from such a substitution, and any contention that such a substitution 
would have been obvious in an obvious reconstruction of the claims. 

In view of the above, because the '062 publication requires a dendritic polymer that 
further has been modified, because the f 062 publication is directed to inorganic hydrophobic 
particles as opposed to polymeric hydrophilic particles, because the polyamine of the f 893 
patent is different from a dendritic polymer, because the '893 patent fails to provide any 
teaching or suggestion that a dendritic polymer could be substituted for a polyamine, because 
of the unexpected and unpredicted results achieved by the claimed invention, and because of 
the additional reasons set forth above with respect to an essential polyamine required by the 
'893 patent, it is submitted that claims 2 and 26 would not have been obvious over a 
combination of the cited five references. 



CH 3 — C— C0 2 H 
CH 2 OH 

2,2-dimethylolpropionoic acid 



HOCH 2 CHCH 2 OH 
OH 

(see present specification page 4, line 21-29) 
a polyol 
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E. REJECTION OF CLAIMS 16 AND 17 UNDER 35 ILS.C. §103 AS 
BEING OBVIOUS OVER THE '893 PATENT IN VIEW OF THE '062 
PUBLICATION, THE f 466 PATENT, THE f 955 PUBLICATION, AND 
GOLDMAN ET AL. U.S. PATENT NO. 5,562,646 ( f 646) 

1. Disclosure of the f 646 Patent 

The f 646 patent discloses absorbent members for the containment of body fluids, such 
as urine. The members contain a hydrogel-forming absorbent polymer having specific 
performance properties. The absorbent member can further contain fibrous materials, such as 
cotton, kemp, flax, synthetic fibers, etc., as set forth at columns 23-26 of the '646 patent. The 
f 646 patent fails to teach or suggest a dendritic polymer. 

2. Rejection of Claims 16 and 17 under 35 U.S.C. §103 As Being 
Obvious over the f 893 Patent in View of the '062 Publication, the 
'466 Patent, the '955 Publication, and the f 646 Patent 

The patentability of the claims over the ! 863 patent, f 062 publication, f 466 patent, and 
f 955 publication has been discussed above. Claims 16 and 17 recite preferred embodiments 
of the invention. The '646 patent does not overcome the deficiencies of the other four cited 
references. The '646 patent is relied upon for teaching particles having a high SFC value. 
However, applicants do not rely solely upon the features of a high SFC recited in claims 16 
and 17 for patentability. Applicants do rely however upon all the features recited in claims 
16 and 17, and in independent claim 1 from which they depend for patentability. Applicants 
have set forth reasoning why claim 1 is patentable over the cited references, and the f 646 
patent does not negate the patentability of independent claim 1 . It is submitted therefore that 
claims 16 and 17 are patentable over the cited references for the same reasons independent 
claim 1 is patentable over these references. 

In summary, for the reasons set forth above and with respect to the nonobviousness of 
claims 1, 3-15, 23-25, and 27, claims 16 and 17 would not have been obvious over a 
combination of the '893 patent, the '062 publication, the f 466 patent, the '955 patent, and the 
'646 patent. 

F. RESPONSE TO EXAMINER'S REPLY TO APPELLANTS' 
ARGUMENTS 

In the Final Office Action and in Advisory Action of November 17, 2010, the 
examiner made statements in an attempt to support the obviousness rejection. Appellants 
now address some of these statements. 
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First, the examiner neglects appellants* reasoning that a person skilled in the art would 
have had no incentive to use a dendritic polymer as a replacement for the polyamine of the 
'893 patent. As discussed above, the dendritic polymer of the , 062 publication is used to 
prevent agglomeration of hydrophobic inorganic particles; and the '893 patent is directed to 
hydrophilic, organic particles. So where is the incentive from the cited art to make the 
substitution suggested by the examiner? 

Further, how could it have been predicted that a dendritic polymer in combination 
with a water-insoluble phosphate would increase the SFC value for a hydrogel-forming 
polymer coated only with either a water-insoluble phosphate or a dendritic polymer from the 
mid-3 O's to the mid-60's for a hydrogel-forming polymer coated with both the water- 
insoluble phosphate and the dendritic polymer (see specification, Table 1 at page and 

compare SPC values of Example 4 (62xl0~ 7 cm 3 s/g) to Examples 1-3 (33.45x1 0" 7 cm 3 s/g). It 
is established that for an examiner to rely upon a "substitution" rationale to support a 
rejection, the results of the substitution must have been predictable. 

At paragraphs 1 1-12 of the Office Action, the examiner states: 

"11. In response, it is noted that paragraphs [0053] and [0083] of 
Abuelyaman et al exemplify dendrimers based on polyester, and, therefore, the 
remaining nucleophilic functional groups are based on polyol. However, this 
should not be misconstrued as a teaching that the dendrimer of Abuelyaman et 
al can have only hydroxyl groups. 

12. Paragraph [0044] teaches that in addition to polyester, the dendritic 
polymer can be a polyamide, which is commonly known within the art to be 
the reaction product of polycarboxylic acid and polyamine. One of ordinary 
skill would understand that when using polyamide instead of polyester, the 
replacement of polyol for polyamine as the nucleophilic species would result 
in an amine-functional dendrimer. Thus applicants 1 position that Abuelyaman 
et al fail to teach amine-functional dendrimers is not persuasive." 

The examiner's reasoning is incorrect. Paragraph [0044] of the f 062 publication 
teaches that the dendritic structure can be any of polyamide, polyester, polyether, etc. 
However, this is for the internal structure of the dendritic polymer. As stated in paragraph 
[0044], such compounds are "reacted with another compound to provide the ionic peripheral 
groups suitable for use in the invention". Accordingly, the '062 publication does not teach 
amine-functional dendritic polymers, but teaches modified dendritic polymers as explained 
above. Also note, paragraph [0053] of the '062 publication, wherein the hydroxyl groups can 
be reacted to form succinate groups. The third paragraph of the '062 publication relied upon 
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by the examiner, i.e., paragraph [0083], teaches the preparation of a stearic acid derivative of 
a dendritic polymer. 

At page 4, paragraph 13, of the Office Action, the examiner states: 

" 1 3. Still if applicants maintain that it would not be obvious to replace the 
dendrimers of claims 3 and 27 into Wada et al ( f 893), the examiner would like 
to point out that claim 1 merely requires hydrophilic dendrimers (regardless of 
whether they are modified or unmodified). Therefore, claim 1 is still rendered 
obvious since, at the least, it would be obvious to combine the composition of 
Wada et al ('893) with the dendrimers of Abuelyaman et al based on the 
motivation that the dendritic polymers arc useful with water-insoluble 
compounds — which Wada et at 0893) requires." 

First, the dendritic polymer of the f 062 publication are useful with hydrophobic 
inorganic particles. The f 893 patent is directed to hydrophilic organic particles. The 
examiner has provided no factual reasoning to support this suggested substitution, but merely 
unsupported conjecture. Further, the present claims provide unexpected results that could not 
have been predicted from any arguable combination of the '893 patent and the '062 
publication. 

In addition, the examiner is giving the claims an unreasonably broad interpretation 
equating a hydrophobic inorganic particle of the '062 publication to the hydrophilic, water- 
absorbing organic particles of the f 893 patent because they are both water insoluble. This is 
the only property exhibited by these two types of particles, which are different in structure 
and in properties in all other ways. The examiner also gives claim 1 an unreasonably broad 
interpretation by including unmodified and modified dendrimers within the scope of claim 1 . 
The f 062 publication is clearly directed to modified dendrimers throughout the specification 
and claims. The present specification fails to teach or suggest a modified dendrimer and 
would not support a claim directed to a modified dendritic polymer. 

Applicants note that the claims are given the broadest reasonable interpretation 
during examination. However, an examiner cannot give the claims an incorrect 
interpretation. As stated in In re Skvorecz (580 F.3d 1262, 1267 (Fed. Cir. 2009)): 

"The protocol of giving claims their broadest reasonable interpretation during 
examination does not include giving claims a legally incorrect interpretation. 
This protocol is solely an examination expedient, not a rule of claim 
construction. Its purpose is to facilitate exploring the metes and bounds to 
which the applicant may be entitled, and thus to aid in sharpening and 
clarifying the claims during the application stage, when claims are readily 
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changed. See In re Buszard 504 F.3d 1364, 1366 (Fed. Cir. 2007); In re 
Cortright 165 F.3d 1353, 1358 (Fed. Cir. 1999). 

Also see In Re Ravi Vaidyanathan (CAFC 2009-1404, May 19, 2010) stating: 

"The PTO Solicitor responds that the broadest reasonable claim interpretation 
that is supported by the specification is adopted during examination, for the 
claims can readily be amended during examination, to impart precision if 
needed. We agree with this protocol as an examination expedient, for its 
purpose is to aid in sharpening the claims in order to avoid ambiguity or 
uncertainty in the issued patent See e.g., In re Skvorecz, 580 F.3d 1262, 1267 
(Fed. Cir. 2009); In re Buszard, 504 F.3d 1364, 1366-67 (Fed. Cir. 2007); In 
re Prater, 415 F.2d 1393, 1396 (CCPA 1969). However, the PTO's 
"broadest" interpretation must be reasonable, and must be in conformity with 
the invention as described in the specification. 

The Board's interpretation of claim 9 finds no support in the '203 
specification, and is not a reasonable interpretation under the rules of claim 
construction. The description in the specification consistently indicates that the 
neural network guides the munition all the way intercept. The '203 
specification uses the word "strike" synonymously with "intercept," 
foreclosing the divergent meanings the Board seeks to attach to these terms. 
The Board's rejection of claims 8 and 9 was based on an incorrect 
interpretation of these claims. That rejection is vacated and remanded for 
reconsideration under the correct interpretation of the claims, and in further 
view of the issues with respect to obviousness as discussed in connection with 
claims 1-7." (Emphasis added) 

The '893 patent and f 062 publication are in completely different fields of endeavor. In 
addition, appellants 1 specification provides no disclosure, and does not support modified 
dendritic polymers. The examinees interpretation of claim 1 therefore is unreasonable. It 
should further be noted that claims 2, 3, 26, and 27 are directed to unmodified dendritic 
polymers. 

The examiner's comment that it would have been obvious to substitute the polyamine 
of the '893 patent with a dendritic polymer of the f 062 publication is mere speculation 
unsupported by the references, but rather destroyed by the f 893 patent. As stated above, the 
two references are not in the same field of endeavor. The '893 patent also explicitly requires 
a polyamine. The '062 publication does not disclose a polyamine, but rather a dendritic 
polyol (see f 062 publication paragraphs [0081]-[0084]). Further, the f 062 publication seeks to 
avoid agglomeration of hydrophobic inorganic particles. Hydrogel-forming particles are 
organic and hydrophilic. Accordingly, the combination of references provides no apparent 
reason for a person skilled in the art to modify the references in the way presently claimed. 
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The examiner has failed to provide any factual reasoning that would support the proposed 
modification. 

This is the type of rejection also addressed by the CAFC In re Vaidyanathan, May 19, 
2010 (2009-1404), wherein in reversing an obviousness rejection sustained by the Board, the 
court stated the following: 

"Obviousness is determined as a matter of foresight, not hindsight. See 
id. at 421 (citing Graham, 383 U.S. at 36). KSR did not free the PTO's 
examination process from explaining its reasoning. In making an obviousness 
rejection, the examiner should not rely on conclusory statements that a 
particular feature of the invention would have been obvious or was well 
known. Instead, the examiner should elaborate, discussing the evidence or 
reasoning that leads the examiner to such a conclusion. Generally, the 
examiner cites prior art references to demonstrate the state of knowledge. See 
37 C.F.R. §1.1 04(c)(2)... In these cases the examiner should at least explain 
the logic or common sense that leads the examiner to believe the claim would 
have been obvious. Anything less than this results in a record that is insulated 
from meaningful appellate review. Zurko, 258 F.3d at 1386. If the examiner is 
able to render a claim obvious simply by saying it is so, neither the Board nor 
this court is capable of reviewing that determination. See KSR, 550 U.S. at 
418, citing In re Kahn, 441 F.3d 977, 988 (Fed. Cir. 2006) ("[Rejections on 
obviousness grounds cannot be sustained by mere conclusory statements; 
instead, there must be some articulated reasoning with some rational 
underpinning to support the legal conclusion of obviousness."). 

Because there is insufficient elaboration of the examiner's or the 
Board's reasoning in this record, we vacate the Board's rejection of claims 1™ 
7. We remand for redetermination of the question of obviousness. On remand, 
the PTO should determine obviousness based on evidence of record or on the 
examiner's detailed and articulated reasoning. If there is neither record 
evidence nor detailed examiner reasoning, the Board should not conclude that 
Vaidyanathan's claims are obvious." 

Claims 2, 3, 26, and 27 recite unmodified dendritic polymers. The '893 publication is 
silent with respect to dendritic polymers. The f 062 publication requires a modified dendritic 
polymer. The f 466 patent discloses various dendritic polymers, without any disclosure 
relating to applying a dendritic to a particle. Jumps in logic that require substituting an 
unmodified dendritic polymer of the f 466 patent for the modified dendritic polymer of the 
'466 patent of the '062 publication (to which the '062 publication is limited), then further 
substituting the unmodified dendritic polymer for the polyamidoamine of the f 893 (which 
fails to teach or suggest a dendritic polymer) patent can only be justified from a hindsight 
reconstruction of the claims. Neither substitution is taught or suggested by the combination 
of cited references, and are contrary to the explicit teachings of the references in combination. 
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With respect to claim 7, the examiner supports the rejection by stating at paragraph 14 
of the final Office Action: 

"14. Finally, applicants argue that claim 7 is patentable over the prior art 
because it would not be obvious to arrive at both the diameter and wall 
thickness limitations. In response, wall thickness and sphere diameter are two 
basic parameters used to select the desired type of hollow sphere. The 
examiner maintains that one of ordinary skill would understand the 
relationship between both parameters, i.e., achieving the desired density and 
mechanical strength. Furthermore, applicants have not provided any data 
showing an unexpected advantage gained when operating at the claimed 
limitations." 

This is bald opinion and a conclusory statement unsupported by the factual evidence 
required to support an obviousness rejection. See the above excerpt from In re 
Vaidyanathan. Further, the cited art completely fails to even teach or suggest hollow 
microspheres, so claim 7 is allowable for that reason alone. Finally, because the cited art 
fails to even teach or suggest hollow microspheres, no unexpected results are required. 

With further respect to claim 7, the examiner reverts to a result effective parameter 
rationale in the Advisory Action. This is an improper basis to reject claim 7. For an 
examiner to rely upon a result-effective variable, the variable must be recognized in the art as 
result effective for the variable claimed. The cited art is totally silent with respect to hollow 
microspheres, let alone hollow microsphere of a specific wall thickness and diameter. 
Accordingly the inclusion of hollow microspheres cannot be termed result effective. See 
MPEP §2144.05ILB. Further, because the cited art fails to teach or suggest hollow 
microspheres, claim 7 cannot be rejected as being obvious simply because the art fails to 
teach or suggest every element recited in the claim. 

With respect to the examiner's reliance upon Staples et al. U.S. Patent No. 5,994,440 
( f 440), appellants fail to see where hollow microspheres are disclosed in the reference. It is 
further submitted that if the examiner wishes to rely on the '440 patent, the reference should 
have been cited in a rejection, rather than an Advisory Action, to allow appellants a 
reasonable opportunity to refute the examiner's assertions. 

In the Advisory Action, the examiner states that substituting one hydrophilic polymer 
for another "is still prima facie obvious". Again, this is a bald, unsupported statement. The 
range of hydrophilic polymers is great — some water soluble, some not, low molecular 
weight, high molecular weight, different structures, etc.. All hydrophilic polymers are not 
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interchangeable, and persons skilled in the art do not simply substitute one of a myriad 
hydrophilic polymers for another. The examiner's conclusion is incorrect. 

In the Advisory Action, the examiner also makes an argument that a dendritic 
polymer of the '062 publication would better disperse the calcium phosphate of the '893 
patent. Such reasoning is incorrect. In the present claims, there are no fine calcium 
phosphate particles to disperse. The calcium phosphate is applied to the water-absorbing 
polymer particle as a dispersion. Once applied, the calcium phosphate is on surfaces of the 
hydrogel-forming particle and no longer poses an agglomeration problem. Accordingly, 
there is no incentive to use the modified dendritic polymer of the '062 publication. Further, if 
the examiner's reasoning was correct, a person skilled in the art would not utilize an 
unmodified dendritic polymer based on the teachings of the '062 publication. 
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CONCLUSION 



In view of the foregoing remarks, appellants respectfully request that the Board 
reverse the final rejection of claims 1-17 and 23-27, and that all pending claims should be 



allowed. 



Dated: March 2, 2011 



Respectfully submitted, 



By: )- " " 

James J. Napoli 
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CLAIMS APPENDIX 

Claims Involved in the Appeal of Application Serial No. 10/589,727 

1 . (Previously presented) Swellable hydrogel-forming polymer particles 
comprising (a) hydrogel-forming polymer particles, (b) at least one hydrophilic polymer of 
dendritic structure, and (c) at least one water-insoluble phosphate, wherein (b) and (c) are 
present on the surfaces of particles (a). 

2. (Previously presented) The polymer particles of claim 1 wherein said 
hydrophilic polymer of dendritic structure comprises a polyester formed from a polyol and 
2,2-dimethylolpropionic acid. 

3. (Previously presented) The polymer particles of claim 1 wherein said 
hydrophilic polymer of dendritic structure comprises a polypropyleneimine, a 
polyamidoamine, or a polyesteramide. 

4. (Previously presented) The polymer particles of claim 1 wherein said water- 
insoluble phosphate comprises a calcium phosphate. 

5. (Previously presented) The polymer particles of claim 1 further comprising a 
powdery additive, a dusty additive, or a mixture thereof. 

6. (Previously presented) The polymer particles of claim 5 wherein said additive 
comprises a metal salt, a pyrogenic silica, a polysaccharide, a nonionic surfactant, a wax, 
diatomaceous earth, or mixtures thereof. 

7. (Previously presented) The polymer particles of claim 5 wherein said additive 
is present in the form of hollow microspheres which are from 1 to 1000 jim in diameter and 
whose wall thickness comprises from 1% to 10% of said diameter. 

8. (Previously presented) The polymer particles of claim 1 comprising less than 
50 weight ppm of particles less than 10 jam in diameter. 

9. (Previously presented) The polymer particles of claim 1 comprising less than 
50 weight ppm of particles less than 10 jim in diameter after exposure to a mechanical stress. 

1 0. (Previously presented) The polymer particles of claim 1 wherein not less than 
90% by weight of the particles are between 150 and 500 \xm in diameter and which are 
characterized by a CRC of not less than 25 g/g, an AUL or not less than 22 g/g, and an SFC 
of not less than 80 x 10" 7 cm 3 sg" 1 . 
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1 1 . (Previously presented) The polymer particles of claim 1 wherein not less than 
90% by weight of the particles are between 100 and 600 ^m in diameter and which are 
characterized by a CRC of not less than 25 g/g, an AUL of not less than 22 g/g, and an SFC 
of not less than 60 x 10~ 7 cm 3 sg~\ 

12. (Previously presented) The polymer particles of claim 1 1 wherein not less 
than 95% by weight of the particles are between 1 00 and 600 jam in diameter. 

13. (Previously presented) The polymer particles of claim 1 1 wherein not less 
than 99% by weight of the particles are between 1 00 and 600 |j,m in diameter. 

14. (Previously presented) The polymer particles of claim 1 having a CRC of not 
less than 26 g/g and an AUL of not less than 23 g/g. 

1 5. (Previously presented) The polymer particles of claim 1 having a CRC of not 
less than 30 g/g and an AUL of not less than 25 g/g. 

16. (Previously presented) The polymer particles of claim 1 having an SFC of not 
less than 80 x 10" 7 cm 3 sg~ l . 

1 7. (Previously presented) The polymer particles of claim 1 having an SFC of not 
less than 120 x 10" 7 cm 3 sg" 1 . 

18. (Cancelled) 

19. (Cancelled) 

20. (Cancelled) 

21. (Cancelled) 

22. (Cancelled) 

23. (Previously presented) The polymer particles of claim 1 wherein the 
hydrogel-forming polymer particles (a) comprise a partially neutralized polyacrylic acid. 

24. (Previously presented) The polymer particles of claim 1 wherein the particles 
are surface-posterosslinked with at least one surface postcrosslinker. 

25. (Previously presented) The polymer particles of claim 1 wherein the 
hydrophilic polymer of dendritic structure is present on the surfaces of particles (a) from 
0.005% to 10%, by weight, of the swellable hydrogel-forming polymer particles. 
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26. (Previously presented) The polymer particles of claim 1 wherein said 
hydrophilic polymer of dendritic structure comprises a polyester formed from a polyol and 
2,2-dimethylolpropionic acid and said water insoluble phosphate comprises a calcium 
phosphate. 

27. (Previously presented) The polymer particles of claim 1 wherein said 
hydrophilic polymer of dendritic structure comprises a polypropyleneimine, a 
polyamidoamine, or a polyesteramide and said water insoluble phosphate comprises a 
calcium phosphate. 
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EVIDENCE APPENDIX 

A-5 T. Buchholz et al. eds., Modem Superabsorbent Polymer Technology. (1998). 
page 97. 

A-8 BOLTORN® Technical Bulletin 

A-16 Excerpts from Goldmann et al. U.S. Patent No. 5,599,335 

A-23 Milco et al. U.S. Patent No. 5,73 1 ,095 
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3 7. SiOLUTION POLYMERIZATION 97 

3.2.8* Addition of Post-Treatments 

3.2.8. f. Advanced Products. The processes described above produce a parti* 
cle with crosslinking that may be assumed to be essentially uniform throughout the 
particle. As such, the swelling and modulus behavior of the product particles can be 
described by theories of network swelling and elasticity (see Chapter 5). One prob- 
lem associated with these superabsorbent polymers was also recognized in a variety 
of water soluble polymers, e g,, poly(acrylamide), cellulose ethers, 95 or soluble 
poly(acrylic acid). g * This problem is the tendency of the granular polymers to 
clump, "gel block " or form fish-eyes when aqueous liquids are added to them or 
they are added to aqueous liquids. The surfaces of the massed particles swell rapid- 
ly to form a soft, deformable layer The resulting particle deformation and intcrpar- 
tide adhesion reduces interparticle porosity and limits the swelling rate of the poly- 
mer mass to the diffusion rate of liquid through the partially swollen mass. 

The first attempts to solve this problem in highly absorbent anionic polyelec- 
trolytes used multivalent cations to form a crosslinkcd surface layer that was more 
rigid than the original core polymer. 97 Subsequently, to give products with improved 
dispersibility and absorption rate, the surface of crosslinked polyacryiate particles 
was reacted with a variety of multifunctional organic compounds. 49 - 50 ^ 9 * 99 This 
structural improvement is shown schematically in Figure 3.9. Swelling capacity 
data as a function of particle size readily demonstrate that a shell of real, as opposed 
to infinitesimal, thickness is formed by surface crosslinking processes. The shell of 
higher crosslink density provides a more rigid surface layer during swelling and pre- 
vents the gel-blocking that would otherwise occur early in the swelling process 
(Chapter 5). As a result, liquid can flow through the bed of particles to each particle, 
increasing the effective surface area available for swelling and the apparent swelling 
rate. The swelling and modulus behavior of structured particles are discussed in 
Chapter 5. 

Because a surface layer is formed on each individual particle, the crosslinking 
reaction, but not necessarily the reagent addition, must occur after achieving the de- 
sired particle size distribution. Any compound that can react with two or more func- 
tional groups on the polymer backbone can function as a surface crosslinking 
reagent. For superabsorbents, this requires reagents that can react with the car- 



Higher level of 
crosslinking 
in shell 

Lower level of 
cro si linking 

V nSformly Crosslinked Core-Shell in core 

Particle Structure 

Figure 3,9. Schematic representation of a uniformly crosslinked superabsorbent particle and 
a structured particle with a surface layer of higher crosslink density. 
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Our dendritic polymers 

• Secure exceptional firmness and comfort in flexible polyurethane foam 

• improve the Tg/f lexibttity ratio of cast potyurethane etestomer products 

» Ensure rapfd curing, excellent durability and low toxicity in UV curing applications 

• Provide reduced VQC and improved performance in architectural coatings 



|g]Perstorp 

WINNING FORMULAE 
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The elements of success 



You need a partner who can see the big picture when it 
comes to your products, your processes and your customers. 
Our experience and expertise in the special niches of organic 
chemistry* process technology and application development 
are at your service, providing you with a complete chain of 
solutions to enhance quality and profitability at every step. 

Our versatile intermediates, an essential element of your 
winning formula, are specifically designed to add value and 
enhance end-product performance, Your solution to meeting 
the increasing demands for safer, tighter, more durable and 
environmentally friendly end-user products, begins here. 

Innovation in everything we do 

Innovation distinguishes every aspect of our business process- 
Developing smarter and safer solutions creates real value In 
new chemical applications- Focused innovation instills leader- 
ship and purpose in our business activities, improves internal 
processes and increases application and product competitiveness. 



Delivering our promises globally 

Our global presence provides you with reliable solutions and 
processes, consistent high quality, security of production and 
supply and delivery with precision. This commitment also means 
rapid response when product or application support is required 
and the very best in technical support. 

Putting the care Into chemicals 

We take our responsibilities to heart and are committed to 
attentive, sustainable business practices. We minimize risks for 
our customers, our employees and the environment by working 
proacovery to ensure safe products and processes. 
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Advancing 

performance & comfort 

■ Sharpen your competitive edge by partnering with die global 
leader in bringing co«- effect rve dendritic polymers to the 
market. Dendritic polymer* axe characterized by a densely 
branched backbone and a targe number of reactive group*. 
Their globular structures have excellent flow and processing 
properties « high molecular wight. The exceptional concentra- 
tion of reactive group* facilitates cusrxunixarton of properties 
for a wide range of end uses. 

The main applications of Bottom* dendritic polymers: 

♦ Performance additives for flexible polyurethane foam 
such as in automotive searing applications. 

■> Elastomer cross-linkers to improve the Tg/flexibtlky 
ratio of cast polyurethane elastomer products, 

* Oligomer precursors for UV curing applications to 
achieve very rapid curing ami excellent properties. 

♦ Performance resins for architectural coatings to convert 
solvent borne resins to water borne equivalents and reduce 
the VOC of solvent borne paints. 

BoJtorn* technology 

•> Large number of primary hydroxy! groups 
m Densely branched polymer backbone 

• Extensive formulation possibilities 



a * ^o °^ <^*rq 



MBf* 



The cutting edge of technology 

Our Boltorn* products are produced using pofyaicohol cores, 
hydroxy acids and technology based on captive materials. The 
dendritic structures are formed by polymerization of the particu- 
lar core and 2,2-djmethylol propionic add (Bis- M PA), The base 
products obtained are hydroayi-functioriaJ dendritic polyesters. 
Fully aliphatic and consisting only of tertiary ester bonds, they 
provide excellent thermal and chemical resistance. Extensive 
branching also improves reactivity, lowers viscosity and results in 
balanced mechanical properties. Five base products are available as 
polymer building blocks and elastomer cross-linkers representing 
a range in molecular weight, hydroxy! functionality, glass transi- 
tion temperature (Tg) and polarity. 

Our dendritic base products: 

Bo! torn* H30 

16 terminal hyoroxyl groups, 

nominal molecular weight of 1.750 9/mo* 

Bottom* H2003 

12 termtnal hydroxy* groups, 

nominal molecular weight of 2.300 g/mol 

Bottom* H2004 

6 terrmna* hydroxy! groups, 

nominal molecular weight of 3,100 g/mol 

Boltotrv* N30 

32 terminal hydroxy! groups, 

nominal molecular weight of 3.600 g7moi 

Boltocn* H40 

64 terminal hydroxy! groups. 

nominal molecular weight of 7,300 g/mol 



We welcome your questions. More 
detailed information and specifications 
of each product are available on 
www.perstorp.com or through your 
Perstorp sales representative. 
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Fine-tuning with polyols 



Boltorn® for 
polyurethanes 



Millions of car owners ilready enjoy superior seating comfort 
with the help of Boltorn* technology. In partnership with a 
leading automotive foam supplier, we have developed a unique 
technology chat improve* the firmness of high-resilience loam 
article* with dendritic polymer polyoi*. 

Boltorn* H311 - 

for exceptional firmness & stability 

This liquid polymer polyol provides exceptional compres- 
sive load-building characteristics in flexible foam at very low 
addition leveis. It U used as an addirive, partially replacing 
convenrionaJ crots-1 inkers or graft co-polymer polyols of SAN- 
cype. Compared to conventional technology, Boltorn* H3U 
offers considerable benefits: 

* Two to three time* the efficiency in providing compressive 
loads (IFD or CFD) at a given addition solids levei which 
allows lower average solids levels to be used. 

* Exceptional firmness, extending beyond current 
state-of-the-art technology 

* Improved roam stability due to the cross-linking 
mechanism and reduced surface voids of finished pans. 
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Boltorn* P500 - new release for 
high firmness at low compression set 

Our newly launched dendritic polymer polyol for molded foam 
is a liquid water free product char yields exceptionally low compres- 
sion set at high firmness when used with graft: co -polymer 
polyols. The low compression set allows you to operate at leduced 
foam density and still meet che comibrt ipedfications of end users. 
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Boltorn* for 



Cross-Nnkers for increased durability 

We offer you two dendritic polyester polyois suitable as cross- 
linkers for cast poryurcthanes and elastomers. Boltorn* H2003 
is a poiyol of reJatfvery high molecular weight and high hydroxy! 
value. Added to a polyurerharie formulation, it improves the 
Tg and Shore-hardness of some recirculation* with aliphatic 
isocyanates. Boltorn* H2004 is a liquid product with hydro- 
phobic chain stoppers that is used to yield durable systems 
with high flexibility. 
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radiation curing 

Oligomer precursors for superior performance 

Bolroro* products enhance radiation curing applications by 
providing oligomer precursors that significantly increase the 
average molecular weight of U V formuJarJons at high acryUte 
concentration. Aery la res based on Boltorn* technology are 
typically used to partially or fully replace utethane acryJates, 
other top end oligomers or actuates of high functionality. Using 
Boltorn* dendritic poryols as warren for oligomer acrylaies orrers 
significant benefits; 

* Excellent reactivity 

m Improved scratch resistance and film hardness 

* Low shrinkage and good adhesion 

* £*«pt»onai Bow properties and good pigment wetting 

* Improved labeling with low extracrablcs 

* Unique molecular weight/vtscosiry ratio 

For coatings, the balance between flow and properties like 
reactivity, and chemical and scratch resistance, is crucial for 
meeting end-user demands. Environmental compliance is also a 
key competitive factor. Radiation curing systems, typically UV k 
have gained market share in the past decades as very rapid curing 
and excellent film properties are obtained with low or no VOC 
emissions. 
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Designed to enhance 



Boltorn for 
architectural coatings 

Boltorn* resins - safer performance 

Our Bottom* performance resins for solvent borne and water- 
borne architectural coatings Kdp coating formularcr* comply 
with environmental demands without compromising coating 
performance. A number of pa rented technologies have been 
developed in which Bottom* resins improve the performance 
of architectural coating*. Achieve excellent properties including 
reduced VOC, improved drying of woods tains and conversion 
of conventional solvent borne resins to water borne equivalents. 

Bottom* U3000 - unique flow properties 

For high-solid aikyds, the branched structure of Boltorn* U3000 
provides unique Bow properties, which aJlows woodstains and 
alkyd pa in a for outdoor applications to comply with recent 
VOC demands while still securing rapid drying and durability. 

Bottom* W3000 ~ efficient & powerful by design 

The unique structure of dendritic polymers offers extensive design 
possibilities. We have developed BoJtorn* W3000, a dispersing 
resin for converting conventional solvent borne ailcyd paints into 
waterborne equivalents. The amphiphiik dendritic structure of 
Boltotn* W3O00 contains both non-ionic warer-dUpersibie and 
hydrophobic air-drying groups. Hie result is a powerful high 
molecular weight surfactant, which also contributes to drying 
and film properties. 
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Your Winning Formula 

The Perstorp Group is the world leader In several sectors of the specialty 
chemicals market. Pew chemical companies in the world can rival its 125 
years of success. Today we have a rich performance culture distilled from our 
long history and extensive knowledge in the chemical industry. That culture 
and knowledge base enables us to produce Winning Formulas for a wide 
variety of industries and applications. 

Our products are used in the aerospace, marine, coatings, chemkals, plastics, 
engineering and construction industries. They can also be found in auto- 
motive, agricultural feed, food, packaging, textile, paper and electronics 
applications. 



Our production plants are strategically located in Europe, North America 
and Asia and are supplemented by sales offices in all major markets. 
We can offer you a speedy regional support and a flexible attitude to 
suit your business needs. 

if you want a chemical partner who can offer you focused innovation 
to enhance your product or application, which is delivered reliably and 
responsibly look no further We have a winning formula waiting for you. 



www.perstorp com 



[®]Ferstorp 

WINNING FORMULAS 
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Product data summary 
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ABSTRACT 



Abe«t>eat mtmbext usefttl la tie comannnem of body fluids 
roch 88 urine, the* have et least one rrgioa conairtflg 
bydrofd-fbrmiiig abaorbet* polymer in e coacetmnoa of 
from about 60 to 100% by weight eod providing a gd~ 
continuous fluid timsportetiaa zone when in e swollen itsxe. 
Tat tqntoejt^agj, eiieielieM polymer |^ 
^Candeaitity (SPQ value of et least about 30x1 0" 7 
corWg; (b) ■ Performance ondtr Pressure (PUP) capscity 
vama of at leeet about 23 f/g meter a confining pre«W of 
0,7 ]^ <5 fcPa)i eod (cl e basis weight of at least aboot 20 
fern. In addition, the region where this a yorogri-torniin* 
ebsmbem poiym to preseot baa, «vea when subjected to 
normal use condition*, sufficient wet integrity snob that the 
gel-continuous zone MJbstentimltv maintains its ability la 
acquire and Meanest body Strife tooneh the g 
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Stances, However, AUL is iruwfequate fur dmtmdmm 
which itpko^rmmng arjsorbem polymers will provide 
the ahwsrbency properties rtecestary so thai Uic concentra- 
tion of these poJ voters m ibsorbem structures can he 
increased without significant gel blocking or scene other 
uodcainbJe effect II hat been discovered that the perme- 
tbflity or flow cenductirirjr of the hydrogel formed when 
Jem absorbent polymers swell in the pre* eooe of body 
fluids is csuemely important to feasible inclusion of high 
r^™~+~,j. ^ Usejc ■b aorhent parymera in localized 
beorbent member. Differences is 
- „„, — „ — . — ctivity of the absorbent polymer 
can directly impact oo the ability of & t n ^nmt hydrogd 
layer to acquire and distribute body fluids. 

Indeed, certain of me hydrog el-foimng absorbent poly- 
mers fUsdsssi ig U.S. P* Mot. 5, 147343 and 5,149,335 at 
having saikfacmry AUL values wffl have lnadeqo«te per- 
mesbility or flow conductivity la be useful at high concen- 
crationt in abaorbeat metsbera. fat order to have a high AUL 
value, il la only necessary that the hydrogel layer formed 
have at leant mmimal poraeebflky Mich that, under a con- 
fining pressure of OJ p«, gel blocks does rx* occur u> any 
significant degree The degree of permeability needed to 
■ttnpty avoid gel blocking it much lest than that needed to 
provide good fluid transportation properties, Hydrogel- 
rormiog absorbent poiyxnisri duu avoid gel blocking cm still 
be greatly defkaeot in these other fluid handling properties 
The permeahairy/llow conductivity of there hydrogel- 
forming ibtorbem polymeri can be defined in term* of ihcir 
Saline Flow Conductivity CSFC) values. SFC meaaurei the 
sbitt ty of a material to transport saline fluid*, tech at the 
ahflfty of the hydrogel layer formed from the swollen 
try^^a-fuiikl^ abaorbeat poiyraer to iraotport body fits* 
St, mmtM having relatively a high 

SFC value U an air-latd web of wood-ptirp fibers Typically 
an air-laid web of pulp fiber* (e.g. having a deeaity of 0.15 
g/ce) will exhibit in SFC value of about 200x1 (T 7 cm»$ec/g 
By amtrast, typical hyth^f^fbrming abtorbem polymers 

52flSl *" 74 , (madc ^nbei Co., LTD) 

and NeJccM 1 80 (made by Nalco Chemical Co.) aUxibil SFC « 
vsiues or at moil lxi(T 7 curWg. Acxradingry, it wouM be 
highly desirable to be able to use hydrog el -fonning absor- 
bent polymers that more doaely epproe^ an air-Laid web of 
wood pulp fibers in terms of SPC. This ii particularly true if 
higher, locallaed amcenfltarions of these hydroge^ forming 4J 
absorbent polymen are to be effectively used in the absor- 
bent member. {Higher SFC vsJues also are reflective of the 
abiHty of ibe resultant hydrogel to acquire body 
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fibers, such as certain chemically itiffcrted rrbert, that have 
a relatively mgh capillary suction, See, for example, U.S. 
Pat; No, 5,217,44s (Young et sJ), issued Jun. S. 1993. To 
take into account these additional capillary press urea mat 
oooJWaite fluid acomairioo by these hydrogel- forming 
absorbent polymers, it is more realistic to measure demand 

fT^^I"^^ 0 ? * ****** PWW"^ «h0Ot 
0.7 pti This would tike into better account not only the 
isoras exerted during use, bet alao 
. m features resulting Emm other Com- 
tek, acqulsicUm layer) ptesesx in the i 



Another Actor that hat to be considered in order to ate 
full advantage of the perrueabiliry/now oonducrivi l y of the 
hydrogel layer formed from these abacffbem polymer* it the 
wet mteajity of the region or regioca ta the absorbent 
member mat comprise these porymert. i«or hydrogel-fornv 
leg absorbent polymers having relatively high SFC values, 
it it ewraaely important that the refkmit} in which pory- 
mers are present have good wet integrity. By "good wet 
integrity" is meant that the region or regaosa in the absorbent 
meenberhavteg tbe high coticeotrsnoa of hydrogel- forming 
absorbent ooiymer neve efficient ua^ritymac^,pattialry 
wet. aonVor wetted tote such that the physical co n tinuit y 
(md thus the cscaciJity of ac^oirmg and trsjnportiog fluid 
through contiguous mterstmal voids^talladea) of the 
hydrogeJ formed upon swelling in the presence of body 
fluidt it not nbitarmalry ditrupted or altered, even when 
gggg te ontamiona. During normal use, 

■baorbent cores tn sbaorbent ardclea are typically objected 

^Sf^Sl t0tl ^ >a / occ ? of yaryiag intensity and 
direction. These trntlonat and torsional rneeaa include 
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Another problem with using AOL values measured 
accord^tg to US. Fit, Not. 5,147343 and 5.149335 is that 
they do not reflect all of the potenrisJ pressures that can be 
operative on the hydrogd-forming polymer in Use absorbent 
Mractum As noted above, AUL is measured m these patents 
at e preature of about 03 psi It it believed that a much 
higher confining pressure of sbout 0.7 psi more idequaiejy 
reHecta the full range of localized mechanical pretturea 
(*.*•• tittmg, tleenmg, aquatting, taping, elastics, leg 
motione* other tension and tortious! motions) on an absor- 
bent structure. See VS. Pat. No. 5,147345 (Young et si) 
issued Sep, 15, 1992. Additionally, many of the absorbent 
structures that comprise mete aydros^-forming abaochent 
pokynmn can include other components, such as an acqoJ. 
t idon lever that receives the initial mtcharge of body fiuidt. 
See, for example, U.S. Pat No, 4,673.402 (Weitroan et el), 
issued Jun. 16, 19*7 and U.S. Pst No. 4,935.022 (Lash et 
at), issued Jun. 19, 1990, This sconitioon layer can comprise 
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me per so n wearing the _ ^ 
bends, and me Hke. If wet integrity is 
tcnsional and torsional forces can potemL- 
ttan dal alssranoo and/or cbsru pti on In the physical Iwhit- 
ity of me hydrogel tuch Lhat Ut capability of transporting 
floida through the ooodguons voids and canfllariesij 
degraded, t tbe hydrogel layer can be psrtisDy MtpMrvri. 
fully lepaxarjed, have gaps fatroduced. have areas that are 
tigniflcantly ttnuned, andmr broken op into a plurality of 
tigmncantly smaller ■egmenta. Such alteration could mini- 

cent poxymer, 

Accordingly, it would be desirable to be able to provide 
J»i»haort*ent^ (I) m region or regions 

having a relstrveiy high cnocentratkm of hyo^ogel^onnmg 
abarjrhent poryroer, (2) with perxneahility/iSow conductivity 
piorjertfce more Uke an air-laid fibrous web; (3) that can 
****** ****** «akls from even high capillary suction 
acquisition layers tinder typkaJ usage pressure* ; (4) in a 
matrix that provides tuflkient wet Integrity such that its 
capability for acquiring and Irteisnofting fltdda is not sub- 
stantially reduced or rnfrtinnzed, even when subjected to 
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DISCLOSURE Of THE INVENTION 

The ptesea i invention relates to absorbent members useful 
tn the oontainment of body fluids such aa urine. Ihese 
f»» members comprise at least one region having 
bydroge^mrnssg absorbent polymer in a concenu aU on of 
from about 60 to 100% by weight and providing a gel- 
continuous fluid tranafitttntkm zone when in a swouen i 
Ty t hydrogel-foomng absorbent polymer has: 
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degradation in otter hydrog d- forming absorbent polymer 
propertiea such ai Performance Under Pleasure (PUP) 
capacity and level of extractable polymer. Thus, for 
example, H can be useful to uae a aim cul having a mass 
median size in the range of from about 500 to about 710 
microtia wherein only minima) man frictiona of tire par- 
uculaxea have siaes cither greater than abom 710 microm or 
leaa than about 500 microns. Alternatively, a broader size cut 
wherein the panic lea generally have a lire in the range of 
from about 300 rnicrooa to about 800 rrucroGa can be useful. 

b. Physical Properties 

(I). Saline Plow Conductivity (SPC) 
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An important characteristic of the hydrogel tonnsng 
•baorbent polymers meful tn the present m vtntion la then* 
pcrraeabifity or fiow conductivity when swollen with body 
fcuida an an tn form a hydrogel zone or layer. This perme- 
ability or flow conductivity ia detfned hernia in terma of the 
Saline Flow Conductivity (SPQ value of the bydtoget- 
terming absorbent polymer, SIC measures the ability of the 
farmed hydrogel zone or layer to tmupoitordiatriboiebody 
fluida under usage pressures. It ia believed that when a 
hydr^eJ-fonmnt absorbent polymer is present at high con 
eensranoui in an aoaorbent member and then rwcUi to forrn 
a hydrogel under usage preasures, the boundaries of the 
hydrujel coma into contact, and interatijtial voida m Una 
rngj^corjcerrtratjoo region become generally bounded by 
hydrogeh When this occurs, it ia believed me permeability 
or flow conductivity tnrmerrJes of thia region are teoeraJiy 
n^ecdveoftbnr^raennillty or Aoweinio^vnTnronextiee 
of a hydrogel torn or layer formed from ins hydrogel- 
fbrrnmg absorbent polymer alone. It ia further believed that 
increasing the permeability of these iwollen high-concen- 
tration regions to levels that approach or even exceed 
conventional aco^don/castribtitfcm materiala, such aa 
wood-pulp uufT, can provide superior ftmd handling prop- 
e rtiea for the abaorbent member and abaorbent core, thoa 
demeaning incidents of leakage, especially at high fluid 
toedirig* (Higher SPC value* also are reflective of the 
ability of the formed hydrogel to acquire body ftuida under 
normal usage condition*.) 

The SPC value of the hydrogrd fanning absorbent poly, 
mera uaefui in the preient invention ia at least ibout 30x1 tt 1 
cn^aec/g, prefccably at tenet about 30*10"* eai^ and 
most preferably at least about tOQKlCT 1 cm^icc/g. Typically 
theaeSr^valueaarninfteren^ 

l(JDQx3<r ? enfaefc more lyptcntty from 50 to about 
5 00* JO -7 em'aec/g, and moat typically from about 100 to 
about 350x1 Q- 7 cm 3 aee/g> A method for deterinirnng the 
SPC value of these bydrogd forming abaorbent polymers is 
h in the Ten Method Section. 
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reasonable tune period under usage erasures. Otherwise, 
the absorbent member will be less effective at absorbing 
fluid, e.g., by partitioning fluid from acuuiajtion components 
thai provide u^porary holding capacity for this fluid. When 
una occurs, it ia believed that the absorbent core ia left with 
insufficient temporary holding capacity to contain lubae- 
ouent gushes of body fluid and can leak prematurely. Alto* 
to be able to deliver a high storage capacity from an 
absorbent core of minimal weight and thickness, the hydro- 
"h">rtwt polymer needs to have a relatively 
aa^PUPotmachy A relatively high IW capacity hydrogel- 
forming polymer is also needed tn provide cconomicai 
absorbent cores. 

Uiagc preiwres exerted on the bydrogeJ^forming abaor- 
bent polymer include both mechanical pressures (e g 
exerted by the weight and motions of the user, tapint. forced 
etc) and capillary preaaures (e g., reauking from the acquJ- 
sMoji componentCa) in the absorbent core that temporarily 
hold fluid before it is absorbed by the hydrogel- forming 
absorbent potynm) It is behoved that a total pressure of 
about 0.7 pal (5 kPa) Is reflective of me sum of these 

iSs^ 
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»K*rb* body fluids under usage conditions. 
The PUP capacity of hydrogen forming abaorbent poly- 
"L"??* - ^ *• present invention is generally at least 



— — - r- ~- — »»wiit Mm iwuwaijT mm «H 

***** ifc at leaat about 25 g/g. and most 

Pfidw^stlea«al^ 

ity values are hi ibe range of from abc« 23 m about 35 g/g, 
more typically from about 25 to about 33 g/g» and most 
typically from about 2£ to about 33 gfc A rnethod for 
e^termraiug me PUP capacity value of these rrydrogel- 

MetnOtfi See tiim 
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(2). Performance Under 



(PUP) 
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Another ixnporurat char acterltric of the hycros^ forming 
absorbent polymers useful in the present invention ii their 
demand abtorbency capacity under a high crm&ung pres. 
sure. Thia denumd abaorbency capacity is defined in terms 
of the polymer's Pertbrmance Under Preaaure (PUP) capac- 
ity PUP capacity measures die abfliry of a high basis weight 
zone or layer of the hydrogel forming abaorbent polymer to 
absorb body fluids under usage oressures. When a hydrogel- 
forming absorbent rhymer is incorporated into an absorbent 
member at high concentrations, the polymer needs to be 
capable of absorbing large quantities of body Holds in s 
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OX Extractahle Polymer 

Another important characteristic of hydrogel -forming 
abaorbent polymers useful in the preaent invention ia the 
level of ttmstiblm polymer material preaent therein. See 
US. Psl No. 4^54,039 (Brandt et al), iaaued Mar. 31. 1987 
(reissued Apr. 19. 2981 aa Re. 32jS49>. Many hydrogel. 
forming absorbent polymers contain aigninoant kvela of 
e^tacmhle polymer material This exmactable poiymer 
unaeriai can be leached out Iron the resultant hydrogel by 
body fluida (e g . urine) Airing rise time period such body 
Adds remain in contact with the bydrngei-fbrming absor- 
bent polymer. It i* believed such exm»cted polymer material 
can alter both the chemica l characteristics (e.g.» oamolarity) 
and phyaical chsrsnoniarJca (e,g>, viaenrity) of the body fluid 
to such mi extent thai the fluid is more alowly absorbed and 
tnere held by hyn^^ 
rutted mud is also more poorly transported through the 
absorbent member. Such a smiation can contribute to unde- 
sirable and premature leakage of body mud from the absor- 
bent article. Thus it ia desirable to use hydrogel-formlng 
shiorbent polymers with lower ievels of extractable poly nocr 
material. 

The importance of not adversely irnmwcring the effective 
abaorptionnxtention of body miids by the swollen hyarogel- 
forming abtorbem potvmer, or the facile irauapon of body 
fluida through regions of the ■btorbent member containing 
the swollen polymer, is believed to be particularly true aa: 
(a) the quantity of polymer in the absorbent member is 
increased; <b3 the quantities of other abaorbent components 
(eg., fibers) sre decreased; and/or (c) the localized concen- 
tration of polymer in the absorbent member is 
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beckaheei are joined directly In each other at the periphery 
thereof . The topaaeet ami bark sheet can also be indirectly 
joined togerthcr by direct! y joining them to the abaorbent 

The bac ksbeet is typfeali y iinpanrioos lo body ftuidi end 
is preferably manufactured from a thin plastic film, although 
other flexible fluid Lm pervious materials may alio be used. 
Aa uacd herein, the term 'Hesible* refer* in materiala that 
are compliant sad will readily conform 10 the general ihape 
and contouri of the human body. Tie ba ckiBCet pre venia 
body fluids absorbed and contained in the abaorbent core 
from wcuini aniclei thai contact the inch *§ junta, pajamas, 
uaderjarmenti, ami the Kke The hactoabeet can comjaiae a 
woven or aon woven material, polymeric ft! ma audi aa 
thermoplastic film* of polyethylene or polypropylene, or 
composite material i such aa a film-coaied noo woven nates* 
naJ. Preferably, the baciabeci ia a polyethylene ftlm having 
a thickness of from about 0 012 mm (0.5 mil) to about 0.051 
mm (2.0 mils). Exemplary polyethylene filme are manufac- 
tured by dopey Corporation of QrjriimarX Ohio, under the 
designation P 18-0401 and by Ethyl Corrjoratxm, 
Division, of Term Haute, tndU under the 
XP 393R5, The backaheet ia preferabl 
rnssse ffefslfesd «# ps^cvtds s more dOwa ^w* 
Further, the h a efcaheet can permit vapors to eacape Horn the 
abiorbent core (i.e. breathable) while anil pmveiaing body 
ft oida from passing riirrjagb the backaheeL 

The tarnheet is corapJiant, wfl feeling, and n»imtatuif 
to the wearer*! akin, Further, the topaheet fa Chad pervious 
pcrnuning body fluida to readily penetrate through ita thkit- 
ncra. A suitable topaheet can be manufactured from a wide 
range of materiaia such aa woven and nan woven tDateriala; 
polymeric materials such aa apw-turcd formed thernaopuwtic 
aims, arjertnred pburic firrna, and hydraforrned thermcpUe- 
tic films; porout foami; reticulaied foarna; reticulated the*- 

(eg ^ wood or cotton ttbera). ayittiiealen^^^^m^ 
fibers such aa pcrfyeater; poiypropylcne, or poJyesin/teoe 
fibers) ox from a combinatkm of natural and synthetic fibers. 

Prefe rre d topabeeca for oaa in abaorbent article* of the 
preterit invention are selected from high loft noo woven 
Lrmiheett and aperture farmed film topabeeia, Apwrmree 
formed Alma are especially pref err ed for the topaheet 
because they are pervious to body fluida and yet noo* 
abaofteK and have m isdneed tendency to allow fluida to 
peaa back through and rewet the wearer's skin. Thus, the 
surface of the formed film that it in contact with the body 
remains dry, thereby reducing body soiling and creating a 
more comfotXMtoUi feel for the wearer. Suitable formed Alma 
are described m U.S. Pet. No. 3.929435 (Tbomr^)jMucd 
Dee. 30. 1975; U.S. Pat. No. 4324,246 (Mullane, ct al.X 
Issued Apr. 13, 1 912; US Pat. No- 4,342314 (RadaL et if), 
iaaued Aug. 3. 1982; U.S. Pat, Hou 4^463.045 (Ahr et al>), 
issued Jut 3U 1984; and U.S. Pat No. 5.006394 (Baird), 
iesued Apr, 9, 1991. Each of these patents are mccspmated 
herein by reference. Ptrticolariy preferred rnicroanertured 
formed film topabeeta are disci oaed in VS. Pat. No. 4,609, 
518 (Cuno et six issue Sep. 2, 1986 and U,5, PaL Na 
4,629,643 (Cuno et al)» iaiued Dee, 1 6, 1986. which are 
incorporated by reference. The preferred topaheet for use in 
cata menial products of the presem invention ia the formed 
Him described to one or more of the above patents and 
marketed on sanitary napjrirauby Tfte Procter & Gamble 
Company of Cincinnati, Ohio aa "DRJ-WEAVEUaV* 

The body surface of the formed film uapaheet can be 
hydforjhOtc so as to help body fluids to transfer through the 
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topsheet faster than if the body surface was not hydroohtlk 
•© tt to dimmish the How off the 

t optfacel rmher than flowing into arid being absorbed by the 
absorbent structure. In a preferred embodiment, stirfaetant ia 
incorporated imo the polymeric material! of the formed film 
topsheet such aa ia described in U.S. patent application Set 
No, 07/794,745, "Abaorbent Article Having A Nonwoven 
aradAjwrTured Film CavetiheeT filed on Nov, 19, 1991 by 
***** « *U wmcb fa mcorporated by reference. Alterna- 
tivety, ihe body rurface of the tcpiheet can be made hydro- 
pic by treating it with a surfactant such as ia described as 
me tbove refinanced VS. Pat No. 4*95ttf54\ i 
herein by reference. 
P. teat Methods 
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1. Saline Row Conductivity (SPQ 

This test ffpirrmlnrs the Saline Plow Conductivity (SFQ 
of the get layer formed from Itydrofel-rbrming absorbent 
polymer that ia swollen In Jayco tynthetic urine under a 
connning pressure. The objective of thia test is to aaseat the 
abilsry of the hydrogel layer rbrsned from a hydrogel. 
forming ab*orbeut polymer to acquire and diarribuja body 
fliuca when the polymer ii preeem at high concenuarions io 
an sbaorbent member and exposed to usage naa cnas dea l 
preaattresu Darcy's law and iteady-atate Sow methods are 
need for detetrninuig aajlne Sow cooducrivity. (See, far 
caansple, -Abaofbency, w ed. by P. JL Cbatmrjee, aaevier, 
1985, Paget 42-43 and 't^ertucal Eaa^neering Vol, 11, 
Third Bdftinn, k M Cool son and!. E iUcaardson, Peigauion 
Presa, 1978, Pages 12S-127.) 

The hydrogel layer used for SFC raeaaunKramta ia formed 
by swelling a hydrogel-forrrriDg absorbent polymer in layco 
lyuthetkkiruie for a timers 

layer i, formed and its flow conductivity meaaured urider s 
eottm^ng pressure of 03 pai (aboatakfa). Plow 
conduetivuy is meaaured uaing a 0.I18M Nad aoiutioo. For 
a hydros^ fonriing ■baorbent polymer whole uptake of 
layco symhetic urine versos time has subanaitially 1 
off, this conamtradon of Nad has been found to i 
die u^ckness of the hydrogel layer substantially 
during ihe rn«OTt3nenL For aome hydrof^-foiming abaor- 
bent polymcra, small ehangea in by amgel layer taid rneaa 
cam occur as a result of polyiraw iweillng. 
^h?**? chao « e> *> it>d>Ofel4ayer porosity, A constant 
hydroataac presiure of 4920 dyne/cm 1 (5 cm of 0.U8M 
Nad) ia uaed for the nccaauremenL 

Plow rant la detenrnned by nseasmrtng the quantity of 
■alubon flowing through the hydrogel layer aa a function of 
time Plow tale can vary over ihe duration of the nxauarrt^ 
mcnL Reasana for 5ow-rsie variaboo iiicfudc changes in the 
thlcisieas of the hyxifoa^ 

of irneratiueJ fluid, aa the fluid Initially present in interstitial 
voids (which, for example, can rxwuain dissolved eatractablj: 
polymer) is replaced wirJi NaO Morion. If flow rate ia time 
dependent, then the Initial Sow rate, typically obtained by 
extrapolstini the meaaured flow ratea to aero time, ia used 
to calculate flow conductivity. The saline flow conducd viry 
is calculated from the initial flow rant, dunenakms of Ibe 
hydrogel layer, and hydros uuic presaure. For systema where 
the flow rate is substantially constant, a hydrogel-iayer 
perroeability coefficient can be calculated from the saline 
ftow conductivity and the viacosity of the NaO iolation. 

A sunahle apparatus 610 for ibie teat is shown in FIG. 7, 
Thii apparatua includes a conatant hydrostatic head reaervoir 
indicated generally as 613 that sits on a laboratory j ack 
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indicated generally it 614. Reservoir 612 has lid 616 with 
a stoppered vent indicated by 618 to that additional fluid can 
be added lo reservoir 612* An open-ended cube CSV is 
inserted through lid 416 to allow air to eater reservoir f 12 
for the purpose of delivering fluid si a constant hydrostatic 
pressure. The bottom end of tube 620 is positioned so a* to 
maintain fluid in cylinder €34 at a height of 5.0 cni above the 
bottom of hydrogel layer 668 (see FIG. 8). 

Reservoir 612 is provided with a generally 1^ shaped 
delivery tube $22 having an inlet 622u that is below the 
lurfacc of Ok fluid in the reservoir. The delivery of fluid by 
tube 622 Is controlled by tfrmrmch 636. Tube 622 delivers 
fluid front reservoir 612 ton piston/cylinder assembly gen- 
erally indicated at 62*. Beneath assembly 628 la a support 
screen (not ihown) and a collection reservoir 630 that sits cm 
a iabormiocy baiaocc 632. 

Referring to FIG, 7, assembly 628 basically consists of a 
cylinder 634, s platan generally radicated ai 636 tad a cover 
*37 provided with ho lei tor piston 636 and delivery tube 
622. Aa shown in FIG. 7, the outlet 6226 of rube 622 is 
positioned below the bottom end of tube 620 and tiros will 
alto be below the wirfsce of the fluid (not ihown) in cylinder 
634. Aa shown In Fia 8, piston 636 areslsU of . generally 
CjVu*kU*u LEXAfvw saan iifi having a ccmccntric cylin- 
drical hole 649 bored down the kx^tudiru] axuof die thail 
Both ends of shaft 638 are machined to provide end* 642 and 
646. A weight indicated at 648 rests go end 662 and has a 
cylindrical bole 644U bored trxroujh the 

Inserted on the other end 646 is a 
piston head 650 having an annular recess 652 in the 
thereof. Piston head 650 is siaed so as to alldabiy move 
inside cylinder 634. As particul arty shriwu m HO, rdsron 
bead 650 is provided with four ccmcentric rings of twenty- 
four cylindrical holes each mdicesed generally as 654, 656, M 
65H, and 660. As can be seen in FIG. 9, corxrolric rfcngs 654 35 
lo 668 fit wirJWn the area defined by reeeta 65X The holes in 
each of these ennoemrse rings are bored from the top to 
bottom of piston head 658. Toe boles in ear* ring sm spaced 
by approsimaicly 15 defines and offset by spproximsiely m 
13 degrees from the holes in adjacent rings, the hoses in 
each ring have a pfogresaively smaller diameter going 
inwardly from ring 654 (OJ20t toch diameter) to ring 668 
(aill inch diameter). Piston bead 658 also has cylindrical 
hole 662 bored in the center thereof to recedva end 644 of 
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As shown in HQ. 8* a fritted circular fleet disc 664 fits 
within recess 652, Attached lo bottom end of cylinder 634 is 
a No. 400 mesh stainless steel cloth screen 666 that la 
biaxially wretcbed to tartness prior to suacbmenL The m 
sample of byoroa^fcrnnng absorbent polymer indicated aa 
668 is supported o* screen 666. 

Cylinder 634 is bored from ■ apparent LEX AN® rod or 
equivalent and has an inner diameter of 6.00 cm (ere**28,27 
cm 2 ), a wall iMckness of ippraximaiely 0^ cm, and a height 55 
ofsnproaJrnately 6.0 cm. Piston head 650 is iwhined from 
a solid Tenon rod. U has a height of 0,625 inches and a 
diameter that it slightly leas than the inner diameter of 
cylinder 634, so thai k flu within the cylinder with minimum 
wall clearances, but Mill ifcidw freery. Recesi 652 ii ipproxi- 
mately 56 mm in diameter by 4 mm deep. Hole 662 in the 
center of the piston head 650 has a threaded 0.625 inch 
opening (1 8 threads/inch) for end 646 of shaft 638, Fritted 
disc 664 is crjoaen for high permeability (e.g., Cherngjasa 
Cat No. CG- 20 1 -40, 60 mm diameter. X-Coarse Porosity) 
and is ground so that it fits snugly within recess 652 of piston 
head 650, with the bottom of the disc being flush with the 
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bottom of the piston head. Shaft 638 is machined from a 
LEX AN© rod and has an outer diameter of 0.875 inches and 
an inner diameter of 0.250 inches. End 646 it spprrutirturtely 
0.5 inches long and Is threaded to match holt 662 in piston 
bead 650. End 642 is approximately an inch Song and 0*623 
inches in diameter, ferment an annular shoulder to support 
tbe rUinles* steel weight 648, Fluid pasting through the hole 
640 in shaft 638 can directly access the fritted disc 664 The 
annular stainless steel weight 648 has an inner diameter of 
0,625 inches, so thsl it slips onto end 642 of theft 638 and 
rests cm the annular tboolder formed therein. The combined 
weight of fliiied glass disc 664, pUtoo 636 sod wdahl 648 
equal* 596 g t which corresponds to a pressure of 03 pad for 
an tree of 28.27 cm 1 . Cover 637 it machined from 
LEXANfe or its equivalent and is duxenaloned to cover the 
top of cylinder 634. It has an 0 877 Inch rmemng in the 
center thereof for than 638 of pismn 636 and a second 
opening near the edge thereof for delivery tube 62X 

The cylinder 634 rests on a 16 mesh rigid stainless steel 
iupport screen (not shown) or cqujvslenL This support 
screen is ttifficseody permeable »o as lo not impede fluid 
Cow usto the ccJlectioa reservoir 630. The support screes is 
^"creilyiisedtosu!^ 

saline solution through asiembly 628 is greater than ■bout 
0,02 f/sec. For How rates lest than about 0.02 g/sec, » It 
preferable that there be a connmsnaa fluid path between 
cylinder 634 and Use electron reservofe Hits can be 
**™^«ti e d by replaciug dsn support screen, collection 
resnrvoir 630, and analytical hates 632 with arsmiyticai 
balance 716, reservoir 712, fritted funnel 711, and the 
reapectswc©^ 

FIG, 10), and positioning cylinder 634 on the flitted disc hi 
fritted funnel 711. 

Jayco lynthetk urine used in this method is prepared by 
dissolving a mismre of 2.0 g KCL> 2.0 g Ne^SO., U83 . 

Mgdj m LOHters with distilkd watet The sah rnijnnm csn 
be purchased from End ovations. Readies. Pa. (cat Na 
M«1314004>1). 

The 0.11IM Nad loJution it prepared by dissolving 
6.896 g Nad (Baker AriaJyjcd Reagera m equi vaJerrt) to 10 
tttera with distilled water. 

An analytical balsnce 632 socerammaoi g(et,Meitler 
PM4000 or equivalent) it typically used to rneasure the 
quantity of fluid flowing through the hydrogel layer 668 
win the flow rate is about 0.02 g/sec or greater A mom 
•ccunue baJsnco (e g. Mettier AE200 or eourvsJeat) can be 
needed for lest permeabie hydrogel Uyers having lew flow 
rates. Tbe balsnce 1* preferably interfaced to a wmputer for 
monitoring fluid quantity versus time* 

The dtk&nest of hydrogel layer 668 in cyhnoer 634 is 
measured to an accuracy of about OlI mm. Any method 
having the reouiaite sccuracy can be tssed, at long as the 

adrhtionally compressed or djturrbed o\iring the rne a t n re* 
nnmt Ushig a caliper gsssge (e.s>, l*ani»t» ^ 
er|uivmlent) to measme tbe vertical dstnnce between the 
bottom of the ttainless steel weight 648 and the top of cover 
637, relative to this distance with on hydrogel layer 668 in 
cylinder 634 is acceptable. Also acceptable is the use of a 
depth gauge (eg.. One SokJd EG- 225 or equivalent) to 
measure the position of piston 636 or sonnies* steel weight 
648 relative to any fixed rurface, compared to its position 
with no hydrogel layer in cylinder 634. 

Tbe SPC measurement is performed at ambient tempera- 
ture (U, 20"~23* C.) and is earned out as follows: 
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0,9 gm aliquot of by orogel- forming absorbent polymer 
(cotiespootfifig to • basis weight of 0.032 gm/crn 2 ) is added 
to cylinder 634 and distributed evenly on tm 6% For 
most hydro gel-forming ibscrbent polyrners, moisture coo- 
tent is tyrrfcally lest tout 5%. For the*e, the quantity of 
hyoros^forrning absorbent polymer to be adfedcae be 
dctennioed on s wet- weight (it is) basis. For rrydrogel- 
forming absorbent polymers having a moisture concern 
greaier than about 5%, the added polymer weight should be 
corrected for moiicure (Le,, the added polymer thcuid be 0 9 
| on a dry-weight basis). Care ii taken to prevent hydrogei- 
/orrnmg absortxxit j^yrner From adhering to ihe cylinder 
walls, Piston 636 (minus weight 641) with disc (64 posj. 
tioned in recess 652 of piston head 650 is inserted tato 
cylinder 634 and positioned on top of the dry hydrogel 
forming sbsorbem potymer 669. If neoesasry. piston 63* can 
be turned gently to more -uniform] y distribute the bydrogel- 
formint absorbent polymer on screen 666 Cylinder 634 is 
die covered with cover 637 and weight 64* is then nosi- 
tiooed on cod 642 of shall 639. 

A rrfttod disc (coarse or extra coarse) having a diameter 2 
greater than thai of cylinder 04 Is positioned in a wide/ 
shallow flat-bottomed container that b filled lo the m» of te 
fritted disc with Jayco iyitshetfe The ptso^o/cyunder 
assembly CIS is then positioned on top of ibis fritted glass 
disc. Fluid from the container pane* through the fritted <£sc 2 
and H sbaorbed by the hydroteifonmug absorbent potymer 
66S. As the poiymer absorbs fluid* a hydrogel layer is 
formed in cylinder 634, After a time period of 60 minutes, 
the thickness of die hydrogel layer is determined. Care is 
taken that toe bydrogd layer does not loss fluid or uk* in air * 
during this procedure. 

The piston/cylinder aaserobly 62S is then transferred to 
spparatus 610. The support scran (not lhown) and any aao 
between it and the piatoo/cylinder assembly 62S is jrresaxuV „ 
rated with saline solution. If the fritted funnel 71M of the 33 
PUP apparatus 710 is used to support cylinder 634, the 
surface of the fritted funnel should be mirnmaily elevated 
rel stive to the height of the fluid to the collection reservoir 
with valrea between the fritted runnel and the collection M 
reservoir being in the open position. (The fritted funnel 
elevation should be sufficient such that fluid pasting through 
the hydrogel layer does not accumulate in the funnel ) 

The SFC measurement la initiated by adding NaO aohi- 
tfonthrou^h^ 4J 
piston a*!? snd then tunusg stopcock 62ft to an open 
position to that deiivery rube 622 delivers ffttid to cylinder 
€34 to a height of 5.0 cm above the bottom of hydrogel layer 
64*. Although dse measurement is considered to have been 
ioida^OcJs* theory „ 
at which a stable hydrostatic pressure, corresponding to 5 0 
cm of saline solution, and s stable flow rate is sStalmsj ft J 
is noted. (The lime t, shooJd typically be about one minute 
or less.) The Quantity of fluid passing through hydrogel layer 
661 versus time is determined gmvtrnetricsliy for a time « 
l*rirjdof 10mtimtfis.Aflert^ 

ssicmbly 62fl is removed and the thickness of hydrogel layer 
661 is measured. Generally the change in tmckneas of the 
hydrogel layer is less than about 10%, 

In general* flow rate need not be constant. The time- 60 
dependent flow rate through the system, P^t) 4s determined, 
in units of g/sec by dividing die incremental weight of fluid 
passing through the system On grams) by incremental time 
(in seconds). Only data collected for times between t, and 10 
minutes ii used for flow rate calculations. Flow rate results 
between l, and 10 minuses is used to calculate a value for 
F^t=4>), the initial flow rate through the hydrogel layer 
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F,0=0) is ctlculsted by extrapolating toe results of a leasts 
squares fit of P^t) versus time to t=0, 

For a layer having a very high permeability (e,g„ a flow 
rate greater mas ~2 g/see), it may not be practical hi collect 
fluid for the full 10 minute time period. For flow rales trcatcr 
than -2 g/see. the time of collection can be jhortened In 
proportion m the iow ram. 

Bar soma hydroRel-forming absorbent polymers having 
erfjemeiy low permeability, absorption of fluid by the 
hydrofel competes with transport of fluid through the hydro- 
gellayer and either there is no flow of fluid through the 
^jeilayer and into the reservoir or. possibly, there la a 
net absorption of fluid out of the PUP reservoir, For these 

e**od the time for Jayco SynUrme absorption to longer 
periods (eg., 16 hoars), 

In ■ separate measurement, the sow ram through appa- 
rams 6ft and the piston/rrylmder assembly 62* fn> is 
measured as described above, except that no hydrogel layer 
is present If F„ Is much greater than the flow rate through 
me system when the hydrogel layer Is present. F~ then bo 
correction for the how resistance of the SFC apparama and 
£*j*t©^ltader assembly is necessary. In this limit, 
ry^whemF Isthecmioihutt^ 
the flow rate of the lystem. However if this recrement is 
r^ia^ifle^ then the following correction is used to calcu- 
late the value of F, from the values of F, and F*; 



WW 

The Saline Flow Qmductivity QQet hydrogel layer is 
Jlculated using the following equat£on; 

F g {trf) is the flow ram ha g/sec determined from 
iteo analysis of the flow ram 



i snaiysia or me now rate results and any « 
uon due to sssesmly/appajams flow resistance, U U the 
Lfftf iS^^f by *°*i layer in cm» p is ihTdenriry 
of the KaO solution in gmfemf Ais theazeaof the Iryorogel 
layer in cm*, APis the hydrostatic pressure in dyne/cm 2 , sod 
ibcsalinB flow conductivity, K. is in units of CQrWo. 
The average of three determinations should he reported. 
For hydr ogel la yers where the flow ram is snbstandally 
consuuuv s pe rmeability coeffldent (s^ can be estoiated 
from the saline Sow conductivity using the following equa- 



wbem ?| is the viscosity of the Nad soluuon in poise and the 
permeability coefficient, a; is is unha of cm 3 . 

The foilowisg is sn example or how SFC is calculated 
according to the present ftivemion: 

Thm measured value of F. is 412 g/m3n=6.S7 g/sac Fdrs 
iiogle determination on the particulate hyorogel4brrnsng 

fiS ™ trZfJs 65 ******* a very-low ratio of 
siopc&tercept of 9*lfr* sec" 1 . Correcting for srmarams 
msistsnce: ™ 

Given a 0j IBM saline <kx*ixy of 1.003 g/em* (CRC Hand- 
book of Chemistry and Physics, 61st Edition) s hydrogel- 
layer tbicknesa of 1.134 cm, s Iryorogel layer area of 28 27 
cirr*, and a hynrostanc pressure of 4920 dyne/cm 2 

K^MtoUS*W.m^27*49W>xSJ*<ir* esa»sse/t» 
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Considering the substantially eonstsm flow tile and given 
a 0J18M saline viscosity of 0.01013 poise (CRC Handbook 
of Chemistry and Phytic*, 61st Edition): 
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c«JttH10icl<r»><aQ10l5=5.IxlCr-» as* 



2, Performance Under 



(PUP) Capacity 



This teat detcxTEinct the 60 minute £rani/grsm abv^ptloo 
of tyrjmeric mine far a hyarcgei-fbiTiring absorbent polymer 
that Is laterally confined in a pisturVcy lirider assembly trader 
a confining pressure of 0.7 pal (shoot 5 IPa). The objective 
or toe icti u to aaseaa the ability or a hydtogd-forming 
absorbent polymer layer to absorb body fluids, over a 
pmcticai period of Urne, when the polymer is present at high 
basis weight and high concentrmriom in an absorbent mem- 
ber sod exposed to usage preaaunsa, 1 Na y pressures against 
which t hydrogel^fbrniing polymer is forced uj abtorb urine 
sgaixjst include mechanical pressures resulting from Hat 
weight and/or morions of toe wearer, macJuleai preuure* 
resulting from clastic* and fastening systems, and the hydro- 
static auction rciultta*. from adjaran capillary (e.g., fibrous) 
layers and/or itrocturet at Lhcy are drained of fluid, 

The sssS fluid fSst the l*Uf* esgpfflcisi? teat la Jay eo syjKtbetjc 
urine, THi fluid it absorbed by die bydrogd-foonint abtor- 
bent poJvmcr under demand abeocption conditions at new* 
zero hydrostatic preasurs, 

A suitable apparattat 711 for this test Is stews in FKL lfc 
At one end of tbU apparatus it a fluid reservoir 713 (such as 
t petri dish) having a cover 714. Rescrvrar 712 rxat* oo an 
analytical balance indicated generally as 714. The other cod 
of apparatus Tit Is a fritted toad indicated generally as 
711, a piston/cylinder assembly indicated generally as 7M 
itssi to inside funnel 711, and cylindrical plastic fritted 
funnel cover indicated generally as 722 thai fits over funnel 
71* and is opes at the bottom and dosed at the top, the top 
having a pinhole Apparatus Tit baa a tyitem for conveying 
fluid In either direction that consists of sections glass cap. 
iliary tubing itxttcausd as 724 and 731a, hexible plastic 
tubing Cfcf^ 14 inch U. and %* tea e4. lygea tubing) 
tadlcaiecl as 731*. stopcock assemblies 726 and 731 sod 
Teflon cOTaectora 74*. 75$ and 752 to cocncct gjaaa lubmg 
724 and 731a and stopcock assemblies 724 and 731, Stop- 
cock assemhiy 726 consists of a 3-way valve 72SV glass 
capillary tubing 730 and 734 in the main fluid system, and 
* sectlGG g*M &&His*f iubing 732 for leplemShiltg 
reservoir 711 and forward flushing the fritted diac in fritted 
funnel Til, Stopcock assembly 731 similarly coosifti of a 
3- way valve 740, glass capillary cubing 742 and 744 in the 
main fluid line, and a section of glass captiiary tubing T44 
thai acts aa a drain for the system* 

Referring to HQ. 11, aatembly 721 consists of a cyKnder 
754, a cup- like piston indicated by 7 56 and a weight 751 that 
fits inside piston 754. Attached in bottom end of cylinder 
754 Is e Ma 400 mesh stainless steel doth screen 75f thai 
is btaxially stretched to lautneas prior to attarhmcm, Hydro- 
gd^formrng absorbent polymer indicated generally as 761 
resti on wrren 759. Cylinder 754 is bored from a transparent 
LEXAN* rod (or eqoivalent) and has aa inner diameter of 
6.00 cm (area~2$37 cm 2 ), with a wall thickness of approxi- 
mately 3 mm and a height of spproxima^Jy 5 cm. The pi i ton 
756 ii in the form of a Teflon cop and is machtDed to 6t inm 
cylinder 754 within tight tolerances. Cylindrical stainless 
steel weight T51 is machined to fit snugly within piston 756 
and is fitted with a handle on the top (not shown) for ease in 
removing. The combined weight of piston 756 and weight 
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is 



7Sn is 1390 g, wbich eronespooda to a pressure of 0.7 psi for 
an area of 21-27 cm*. 

The components of apparatus 710 are steed such that the 
flow rate of synthetic urine therethrough, under a 10 cm 
hydrostatic bead, it at least 0.01 g/cm 3 /tec, where die Sow 
rate it normalized by the area of fritted funnel 711. Factors 
pamcuiariy impactful on flow rale are the permeability of 
the fritted disc In fritted funnel Til and the inner diameters 
of glass tubing 7*4. 730, 734, 742, 746 and 731a, and 
aiopoock valves 721 and 740. 

Reservoir 712 is poiuioned on aa tnalyticai balance 714 
with a drift of lesa than 0. 1 
to a computer with 



th.t is accurate to at least 0.01 
g/hr. The bail 
•oftware than can 0) 
pm-set time interval! from the Initiation of the PUP tent and 
ift) be set to auto initial* on a weight change of 0.01-0.05 
g, depending on balance sensitivity, Capillary tubing 724 
entering the reservoir 722 should not contact either the 
bottom thereof or cow 714. The volume of fluid (not 
shown) in reservoir 712 should be sufficient such mat air is 
no* drawn into capillary tubing 724 during the measurement. 
The fluid level in reservoir 71 2, at the imti adon of the 
measurement, should be ermrmornatsfr 2 mm below the top 
surface of fritted disc la fritted runnel 711. ThU can be 
confirmed by placing a amaUdropof ^on tfje rriueddiac 
and gravicuaricaJry momtoring its slow flow back into 
reservoir 711 That level should not change rigniftcsritly 
when pitmtVcy Under assembly 7W is poahioned within 
funnel 711. The reservoir should have a tuflScfcckfy large 
aTaasftter (e.g. t -14 cm) ao that withdrawal of -40 ml 
portiooi rerulii in a cftarnm m the fluid bright of less ttum 3 



Jayco lyntbedc urine used in dna (est is prepar e d by 
dissolving a mixture of 2J) g KO* 10 g Na^SO^O.15 g 
NH 4 H^ai5g<NHAHTO^ 

MgO^ to I Oaters with diidJled water The salt mixture can 
be purchased front findnvimana, Reading. Pau (cat no. 
JA-OO13l-O0N)i). 

Prior to measurement, the assembly hi filled with iyn^ 
thetic urine. The flitted diac in fatted funnel 711 it forward 
flashed so met U is filled with fresh synthetic urine, Tb the 
extent possible, air bubbles are removed from the 1 
•urface of the fritted diac and the ayetem that t_ 
funne] u> the re4ervotr. The following procodurei are carried 
out by !«jiential operadon of the 3-wmy itopcockj: 

1 Exceaa flaid on the upper surface of the fritted diic it 
removed <e.g. pouted) from fritted fuonel 711; 

Z The wlution bdght/weight of reservoir 712 it adjusted 
to the proper level/value, 

3, Fritted funnel 711 hi positioned at the correct height 
relative to reservoir Til, 

4, Fritted funnel 711 Is then covered with fritted funnel 
cover 722. 

5. The reaerroir 712 and fritted funnel 711 ate etanhV 
brated with varvea 721 and 740 of stopcock i 
726 end 731 hi the open ccmtiei^ 

6. Valves 721 and 741 am then dosed 
7 Valve 740 ia then turned so that the funnel is c 

dram tune 744. 
8. The system is allowed to equilibrate in this position for 



tome 



9. Valve T41 Is then renirned to its closed position. 
Steps Not, 7-9 temporarily "dry" the surface of fritted 
funnel Til by exposing it to a small hydrostatic lucuon of 
-5 cm. Hut suction is applied if the open end of tube 
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[571 ABSTRACT 

A water-soluble or water-dispcrsiblc fl uori ne-ewntai aing 
dendritie polymer surf acta at having at least otic terminal 
fluorocarbon moiety and at least one terminal anionic 
moiety, and which is suitable Cor use in preparing protective 
coating compositions is disclosed. The water-soluble or 
water-dispersihlc fluorine -containing dendritic polymer sur- 
factants are represented by the general formula: 

V 

where D represents a dendritic polymer, Rjr represents a 
ftuctrocarbon containing moiety. A represents an anionic 
containing moiety. C* represents a cation. T represents a 
terminal group of the dendritic polymer which has not been 
function allied with a rtuorocarfoon or anionic moiety, n and 
m are at least each at least one. and the sum of n-Ho+q is the 
total number of terminal groups on the dendritic polymer. 
Also disclosed is a coating composition capable of forming 
a highly crossUaked. non stick, protective coating. The 
coating composition includes a water-soluble or water- 
dispersible fluorine-containing dendritic polymer surfactant 
having at least one terminal fluorocarbon moiety and at least 
one terminal anionic moiety, an oxazolinc crosslinking 
agent and a water-based solvent 

41 Claims, 1 Drawing Sheet 
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DENDRITIC POLYMER COATINGS 

The U.S. Government has a paid-up license in this 
invention and die rigjht in limited circumstances to require 
the patent owner to license others on reasonable terms as 
provided for by the terms of Contract No, DAAH04-96-C- 
0024 awarded by Department Of The Army. 

FIELD OF THE INVENTION 

This invention relates to water-based non-stick mating 
compositions derived from water-soluble or water- 
cUspersibte dendritic polymer surf actants containing pendant 
nuorocarbon groups and pendant chemically reactive 
anionic moieties. Such surfactants can be thermally 
crosslinkcd at low temperatures with an oxazoline cros slink- 
ing agent to rbrm low-energy coatings which exhibit excel- 
lent and- stick properties. 

BACKGROUND OF THE INVENTION 

There is a considerable demand for thin film coatings to 
which other substances will not adhere. Coatings arc 
required to protect surfaces from soils, stains, ice, graffiti, 
insects* oils, corrosion, and chemical and biological con- 
taminants. Moreover, as legislative pressures to remove 
volatile organic compounds (VOCs) from coating formula- 
tions persist, the demand for alternative water- borne systems 
continues to increase. 

Compounds and polymer coalings containing rluorocar- 
bon groups have been widely used for providing non-stick 
properties to surfaces. The foremost corrm^erci ally a v ailable 
non-stick coating is polytetrafluorocthylene (PFTE). FTFE 
is characterized by a low surface free energy, excellent 
thermal stability, low coefficient of friction, anti-wetting 
properties, electrical insulation properties, and chemical 
inertness. However, because of its insolubility in most 
solvents. FTFE is relatively difficult to apply and is not very 
easily processed. Notably, conventional thermoplastic tech- 
niques are not applicable to FTFE. Rather, the material is 
most commonly applied by high t cmpcratLure sintering pro- 
cesses < up to 400* C. K Also, FTFE exhibits poor adhesion to 
many substrates and is susceptible to wear and soiling, PTFB 
forms coating surfaces having microscopic pores into which 
various adhesive* and foulant materials can permeate and 
become mechanically locked. As a result. FTFE does not 
form an effective non-stick surface against many types of 
materials, including adhesive marine materials and other 
biological foulants. 

Recently, non stick coatings have been prepared by 
crosslinking linear pexfluoroalkyl polymeric surfactants con- 
taining pendant ionic moieties such as carboxylate with 
poly(2-isopropcnyl-2-oxazolinc). These coatings have the 
advantage of being soluble in predominately aqueous sol- 
vents. The thermally cured coatings provide non-wettaWe. 
hard polymer surfaces which are only slowly attacked by 
common organic solvents, However, prolonged cure times 
(several hours) are required to achieve highly crosslinkcd 
(e.g., 80%) coatings with optimum physical/chemical prop- 
erties. Moreover, the excessive cure times associated with 
these coatings preclude widespread commercial utility. 

Consequently, it would be desirable to provide low VOC 
non stick coating formulations which cure rapidly at low 
temperatures lo afford highly crosslinkcd non-stick coatings 
possessing excellent release properties. 

SUMMARY 

The present invention pertains to a water-soluble or 
water-dispersihle fluorine-containing dendritic polymer sur- 
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factant having at feast one pendant fluorocarbon moiety and 
at least one pendant anionic moiety. 

lTiis invention also pertains to coating compositions com- 
posing an aqueous solvent, a water-soluble or water- 

5 dlspcrsible fluorine-containing dendritic polymer surfactant 
having at least one pendant fluorocarbon moiety and at least 
one pendant anionic moiety, and a water-soluble or water 
dispcrsihle crosslinkuig agent having a plurality of oxazo- 
line moieties which are capable of reacting with the anionic 

io moiety of the dendritic polymer surfactant to form a 
crosslinked polymeric coating. 

The non-stick coating compositions of mis invention can 
be easily applied, such as with a brush, roller, spray gun. etc.. 
and rapidly cured at a low temperature. Further, because the 

15 fluorine-containing dendritic polymer surfactants and coat- 
ing compositions of this invention are water-soluble or 
water-dispcrsihle. they can be formulated with low amounts 
of volatile organic solvents, whereby case of application and 
rapid curing to form a hard, very low-porosity, non-stick 

20 coating is achieved while rrnnimizing environmental and 
health hazards. 

BRIEF DESCRIPTION OF T1IE DRAWINGS 

^ FIO. 1 is a schematic illustration of the major macrorao- 
lecular architectures, 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

30 The dendritic polymers which may be used in the practice 
of mis invention include generally any of the known den- 
dritic architectures including dendrimers. regular dendrons. 
controlled hyperfcranched polymers, dendrigrafrs. and ran- 
dom hypcrbranched polymers. Dendritic polymers are poty- 

35 mers with densely branched structures having a large num- 
ber of reactive groups. A dendritic polymer includes several 
layers or generations of repeating units which all contain one 
or more branch points. Dendritic polymers, including den- 
drimers and hypcrbranched pol>Tocrs. are prepared by con- 

40 densation reactions of raonomeric units having at least two 
different types of reactive groups. This fourth major class of 
polymer architecture is shown in FIO, I. 

Dendrimers are comprised of a plurality of dendrons that 
emanate from a common core which can be a single atom or 

45 a group of atoms. Each dendron generally consists of 
terminal surface groups, interior branch junctures having 
branching functionalities greater than or equal lo two. and 
divalent connectors that covakntly connect neighboring 
branching junctures. Dendrons and dendrimers can be pre- 

so pared by convergent or divergent synthesis. Divergent syn- 
thesis of dendrons and dendrimers involves a molecular 
growth process which occurs through a consecutive series ot 
geometrically progressive step-wise additions of branches 
upon branches in a radially outward molecular direction to 

55 produce an ordered arrangement of layered branch cells, in 
which each macromolecular includes a core cell, one or 
more layers of internal cells, and an outer layer of surface 
cells, wherein each of the ceils includes a single branch 
juncture. The cells can be the same or different in chemical 

W structure and branching functionality. The surface branch 
cells may contain either chemically reactive or passive 
functional groups. Cliemicaily reactive surface groups can 
be used for further extension of dendritic growth or for 
modification of dendritic molecular surfaces, Ine chemi- 

65 cally passive groups may be used to physically modify 
dendritic surfaces, such as to adjust the ratio of hydrophobic 
lo hydropbiUc terminals, Convergent synthesis of dendrim- 
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ers and dendrons involves a growth process which begins 
from what will become the surface of the dendron or 
dendrimer and progresses radially in a molecular direction 
toward a focal point or cove. 

Dendrons and dendrirners may be ideal or non-ideal. Le.. 
imperfect or defective, Imperfections arc normally a conse- 
quence of cither incomplete chemical reactions, or unavoid- 
able competing side reactions* In practice, real dendritic 
polymers are generally non -ideal, i.e.* contain certain 
amounts of structural imperfections. 

A third method by which dendrimers and dendrons can be 
prepared is by using a one pot synthesis in which dendritic 
poly mm are prqsared by a step- growth polymerization 
reaction of a single type of monomer having a single reactive 
group of a first type (B) and a plurality (y) of reactive groups 
of a second type (A), i.e.. a B-Ay type monomer, which is 
initiated by a core having a plurality (x) of the A type 
rr active groups, wherein A groups can react with B groups* 
but not with other A groups, and & groups cannot react with 
other B groups. Trie one-pot synthesis method is simpler and 
less expensive than the divergent and convergent synthesis 
methods. However, the one-pot synthesis method lacks 
reaction control* which leads to more polydispersed prod- 
ucts with larger deviations from ideal dendron structure. 

Hyperbranched polymers represent a class of dendritic 
polymers which contain high levels of non-ideal irregular 
branching arrays as compared with the more nearly perfect 
regular structure of dendrons and dendrimers- Specifically, 
hyperbranched polymers contain a relatively high number of 
irregular branching arrays in which not every repeat unit 
contains a branch juncture, Consequently, hyperbranched 
polymers may be viewed as intermediate between randomly 
branched polymers and regular dendrons and dendrimers. 
yet dendritic, because of their relatively high branch- 
juncture content per individual macromolecule. 

The preparation and characterization of dendrimers. 
dendrons* random hyperbranched polymers, controlled 
hyperbranched polymers, and dendrigrafts is well known. 
Examples of dendrimers and dendrons, and methods of 
synthesizing the same are set forth in U.S. Pat Nos. 4 JJ 07. 
166; 4,55JU 2(h 4368,717; 4387329; 4.631337; 4.694, 
064; 4.71X975; 4.737.550; 4,871,779 and 4J57.599. 
Fxampies of hyperbranched polymers and methods of pre- 
paring the same are set forth, for example, in U.S. Fat No, 
5.418301. 

More generally dendritic polymers or macromokcules are 
characterized by a relatively high degree of branching (DB i. 
which is defined as the number average fraction of branch- 
ing groups per molecule, i.e.. the ratio of terminal groups 
plus branch groups to the total number of terminal groups, 
branch groups and linear groups. For ideal dendrons and 
dendrimers the degree of branching is one. For linear 
polymers the degree of branching is zero. Hyperbranched 
polymers have a degree of branching which is intermediate 
between that of linear polymers and ideal dendrimers. The 
dendritic polymers used in this invention desirably have a 
degree of branching which is at least equal to or greater than 
0. 1 , more preferably greater than or equal to 0.4. and most 
preferably greater than 0.5. 

Dendritic polymers suitable for use with the invention 
also include macromolecuies commonly referred to as cas- 
cade molecules, arborols. arborescent grafted molecules, 
and the like. Suitable dendritic polymers also include 
bridged dendritic polymers (i.e.. dendritic macromolecuies 
linked together either through surface functional groups or 
throw $i a linking molecule connecting surface functional 
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groups together) and dendritic polymer aggregates. The 
dendritic polymer used in the practice of this invention can 
be generationaily monodtsperse or generational! y poly dis- 
perse solutions. Dendritic polymers in a monodtsperse solu- 

5 don axe substantially all of the same generation, and hence 
of uniform size and shape. The dendritic polymers in the 
poiydisperse solution comprise a distribution of different 
generation polymers. Furthermore, the dendritic polymer 
molecules may be mixtures of different interior and exterior 

lo composition or functionality. 

Generally, any of the known dendritic polymers having 
anionic terminal groups, or having terminal groups which 
can be reacted with another compound to provide anionic 
terminal groups, are suitable for use in preparing the water- 

15 soluble or water- dispersible fluorine -containing dendritic 
polymer surfactants and coating compositions of this inven- 
tion. Examples of suitable dendritic polymers include poly 
(ether) dendrons. dendrimers and hyperbranched polymers. 
poly< ester) dendrons, dendrimers and hyperbranched 

20 polymers, polyfthiocthcr) dendrons, dendrimers and hyper- 
branched polymers, polyfarylalkylene) dendritic polymers, 
etc. 

While generally any dendritic polymer can be used in the 
preparation of the water-soluble or water-dispersible 

15 fluorine -containing dendritic polymer surfactants of this 
invention, it is desirable to avoid the use of dendritic 
polymers which are at least as basic as the oxazottne 
moieties of the cross linking agent in the coating composi- 
tions of this invention because they tend to inhibit proton 

30 transfer to the oxazoline functional moieties and conse- 
quently inhibit crosslinking. Examples of dendritic polymers 
which tend to inhibit profanation of the oxazoline moieties 
include generally any of the amine containing dendrimers, 
such as the rx>Iyarmdoamine (PAMAM) dendritic polymers. 

35 The terminal or surface reactive groups of the dendritic 
polymers which are used to prepare the water-soluble or 
water-dtspersible fluorine-containing dendritic polymer sur- 
factants used in the preparation of non-stick coatings in 
accordance with this invention include any nucleophUic or 

AO eiedrophuic group which is capable of forming covalent 
bonds with a fluorine-containing compound and an anionic 
moiery-coniaining compound to afford a dendritic polymer 
surfactant. 

The water-soluble or watcr-dispersibte fluorine- 
45 containing dendritic polymer surfactants suitable for prepar- 
ing the non-stick coatings of this invention are represented 
by the general formula 



where D represents a dendritic polymer. Rjr represents a 
fluorocarbon containing moiety, A~ represents an anionic 
55 containing moiety. C*" represents a cation. T represents a 
terminal group which has not been functionalized with a 
fluorocarbon or anionic moiety, n and rn are each at least 
one. and the sum of n+m-hq is the total number of terminal 
groups on the dendritic polymer. 
60 1 lydroxy-terminated hyperbranched polyesters are pres- 
ently preferred starting materials for the preparation of 
water-soluble or water-dispcrsibic 8 uocine- containing den- 
dritic polymer surfactants in accordance with the invention 
because of their relatively low cost and commercial avail- 
as ability. Suitable hyckoxy-ter ruinated hyperbranched poiyes- 
tcrs for use in the manner of this invention include first 
through fourth generation polymers having molecular 
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weight* ranging from about 1300 to about 8,000, and 
having from about 16 to about 64 terminal hydroxy groups. 

The rtuorinc-coflcainiJig dendritic polymer surfactants 
which arc employed in the coating compositions of this 
invention are provided with at least one pendent fluorocar- 
bon moiety and at least one pendent anionic moiety. 

The fluorocartMHi moiety is a linear or branched fluoro* 
alky I group having at least one terminal trifluoro methyl 
poop and containing al least three fully fiuorinated carbon 
atoms, deferred nuoroaikyl moieties are fully fluorinated 
alkyls, i.e., perfluoroalkyls. 

Huorocarbon moieties can be introduced Into a dendritic 
polymer by reacting the dendritic polymer with a fluorine* 
containing compound having a fluoroalkyl moiety and a 
reactive linking moiety capable of covaiently bonding to the 
reactive terminal groups of the dendritic polymer. For 
example, a hydroxy terminated hyperbrancficd polyester 
can be reacted with a fluorine-containing acyl halide in the 
presence of a suitable solvent, such as pyridine, for a suitable 
period of time (e.g., 16 hours) at room temperature to form 
a pern* uoroal kyl- terminated hyperbranched polyester as fol- 
lows: 



— iohu 



PjOCiPu —SOjNfEi fCHaCOCK 



\ 



O C— H 



l ° where each R is a hydrogen atom, a hydroxy methyl group 
or an organic radical, and k is I or 2. most preferably I, 
Preferred oxazoline crosslmking agents include polymeric 
compounds containing pendant oxazolines moieties, such as 
polyt 2- isopropenyl- 2-oxazoline-a> methyl methacrylatcK 

13 polylrWMMA. Tor example, suitable polymeric oxazoline 
crosslinking agents can be prepared by reacting a 
potyacrylate. such as poly< methyl methacrylate), with 
cthanolamine* e.g. at 140* C. for 40 hours in an arainolysis 
reaction, to produce an acrylic polymer having pendant 

20 hydroxy groups as follows; 
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where n is the total number of terminal groups on the 
dendritic polymer and O is the number of flucroalkyl- 
containing terminal moieties. 

Preferred anionic moieties include carboxylate groups 
and thiol groups* with carboxylate terminal moieties being 
most preferred. Anionic moieties can be covaiently bonded 
to the reactive terminals of the dendritic polymer by reacting 
a anionic moiety-containing compound or a compound 
capable of forming an anionic moiety with the reactive 
terminal groups of the dendritic polymer. For example, 
terminal earboxyl moieties can be introduced into a 
hydroxy-terminatcd dendritic polymer by reacting the ter- 
minal hydroxy groups with an anhydride of a dicarboxylic 
acid. For instance, the above pcrfluotoall^l-termiaated 
hyperbranched polyester can be reacted with succinic anhy- 
dride at room temperature for a suitable period of time (e.g., 
48 hours) in a suitable solvent (e.g., pyridine) to form a 
eart>oxyt4<*fluoroailcyl terminated hyperbranched polyes- 
ter as follows: 



I 
I 

OCH* 



1*6* C. 40 b 
*5* 



v f_>H ■ 



C 
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NM 
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CMb 
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1 

CsO 
I 

OCHj 
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where P is the total number of acrylate units or monomers 
in the polyacrytaie and o is the number of acrylate units 
which have been reacted. The above amidated poiyacryiale 
is subsequently subjected to conditions which cause the 
pendant hydroxyxmylamide moieties to undergo ring for- 
mation to form oxazoline moieties. For example, in the 
presence of CH^S0 2 O in a suitable solvent, such as DMK 
the pendant hydroxyemylarmde groups are converted into 
oxa/.oline moietks at room temperature in about 2 hours to 



[ h |^y D*odriincr4-0 — C!OCltiN.:Ht>SOi —C#i jCFj M O — COCK3CH1-- COjH^ 



Hie number of anionic terminal moieties and peril uoro- 
alkyl terminal moieties can be varied as desired to provide 
custom tailored pfoperties for particular applications, in 
general, higher levels of anionic terminal moieties provide 
better water-solubility or water-dispersibility. 

The crosslinking compounds used in the preparation of 
coaling compositions in accordance with mis invention are &s 
compounds containing a plurality (at least two) of oxazoline 
moieties represented by the formula 



form an acrylic polymer having pendant oxazoline moieties 
as follows: 
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OH 
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1 CHjSOaCl 
DMF. RT. 2 rt 

RT.Iti 
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l-CHj-C HCH2 -C -4 
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Coating formulations in accordance with the invention ate ^ 
prepared hy combining the water- soluble or water- 
disperstbie fluorines untainuie dendritic polymer surfac- 
tants and oxazoline crossiinking agents in water or in an 
aoueous solution comprised primarily of water and contain- 
ing a minor amount of an organic solvent, Organic cosoi* 
vents are generally not preferred, although small amounts, 
i.e.. 20 percent by weight or less, may be added to aid curing. 
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The coating compositions of this invention can be applied 
by generally any conventional method, such as those used to 
apply paint to surfaces. Suitable techniques for applying the 
coatings of this invention include wiping, brushing, 
spraying, dipping, and spin-coating* Suitable substrates for 
the coatings of this invention include metal, plastic, glass, 
masonry, paper and textiles. Any suitable hearing melhod 
may be used to cure the coatings, such as radiant heating and 
heated air. 

The coating compositions of this invention are extremely 
stable. i.e.. cros slinking does not occur to any appreciable 
extent during storage of the coating compositions in a sealed 
container. 

After application, the coating compositions ot this inven- 
tion cure very rapidly at relatively low temperatures, e.g.. 
typically over 80% cure in 15 minutes or less at a tempera- 
ture of 110 5 C. The coating compositions of the invention 
also have the advantage of being non-flammable, and have 
very low or no volatile organic compounds fVOCs). 

Curing of the coating compositions of this invention 
occurs upon application of heat by reaction of the oxazoUne 
moieties of the crosslink! ng agent with the anionic groups of 
the water-soluble or water-dispersible fluorine-containing 
dendritic polymer surfactant For example; 



preparation OF water-borne NON-STICK COATINGS: 
CRQSSUNKfflff REACTW 



N O 



! 

OCR, 
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Examples of suitable cosolvents include ethylene glycol, 
propylene glycol, and the like* The concentrations of the 
formulation can typically range from about 0.01 to about 60 
weight percent solids <Le.. the dendritic polymer surfactant 
and oxaioline cross linker constitute from about 0.01 to 
about 60% of the composition by weight) and more prefer- 
ably from about 1,0 to about 25 weight percent solids <i.e.. 
from 1 to 25 weight percent dendritic polymer surfactant and 
oxazoline crosslinker). The preferred concentrations will 
depend on such factors as the desired viscosity, coating 
thickness and method of application, The amounts of water* 
dispersible or water-soluble fluorine-containing dendritic 
polymers and oxazoline cros slinking agents are selected so 
that the mole ratio of oxazoline moieties to anionic moieties 
is preferably about 1:1. for example, irora about 0.8.1 to 
about 1.2:1, Lower or higher ratios provide coatings with 
more hydrophiiic surfaces, The pH of the aqueous formu- 
lation is preferably kept slightly basic to avoid acid cata- 
lyzed hydrolysis of the oxazoline groups in the cross-linking 
agent. The pH of the formulation is preferably adjusted to a 
range of from about 7 to about 8. However, the preferred pH 
wilt depend on the pH stabilities of other functional groups 
present in the polyoxamiine and fluorine -containing den- 
dritic polymer surfactant. The preferred cation, C\ include 
ammonium and low molecular weight pr donated amines. 



45 EXAMPLE 1 

Preparation of Caiboxy/Perfluoroalkyl Terminated 
11 yperbranched Polymers 

perstorp polyol and pyridine were combined in a 100 ml 
round bottom ID ask under nitrogen. The mixture became 

50 homogeneous after stirring at room temperature for 2 hours. 
To the vigorously stirred mixture was added a solution of 
CjFpSOjNCEtjCKaCOa in dry acetone C38* w/w) at a 
rate of 0,5 nil/minute using a syringe pump. Ilie mixture was 
then stirred overnight at room temperature. Succinic anhy- 

55 dride was added to the solution in a single portion, After 
48-72 hours, fee reaction mixture was diluted with methanol 
< 150 ml> and purified by ultrafiltration employing a tangen- 
tial flow device (Amicon) equipped with a MWco^lOOO 
membrane (Amicon YM1), After 8 rctcntate volumes of 

60 permeate were obtained, the retentate was concentrated 
under reduced pressure using a rotary evaporator, The resi- 
due was evacuated under high vacuum at room temperature 
to afford a viscous liquid. The mole percent of terminal 
carboxyi groups and terminal r^errluoroalkyl groups were 

65 determined from the 1 HNMR spectrum of the product (300 
MHz. acetone- dg/TMS). The mole percent of terminal car- 
boxy groups was determined from the ratio of the integrated 
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intensities of me signals at 6 2.6 (for s< CXXH 3 CH 2 CO) and 
6 3.5-3.7 (complex. CH 2 OH), The mole percent of terminal 
perfluoroalki groups was determined from Ihc ratio of inte- 
grated intensities of the signals at 8 2,6 <br s, 
COCHXIIXO) and 5 4 2-4.4 (complex. CH 2 G — CO and s 

Products derived from generation 2. X and 4 hyper- 
branched polyesters were prepared using the quantities of 
reagents <^>eciried in Table 1, 

to 

EXAMPLE 2 

Preparation of poly<2-lsof3ropcnyl'2-oxaEoline-co- 
methyl methacrylate) 

A 5 liter 3-neck round bottom flask was equipped with a is 
reflux condenser, mechanical stirrer (teflon blade), and a 
thermometer attached to a Therm o« Watch temperature con- 
troller. To the flask was added poly( methyl memacrylate) 
{MWW75.0OO. 500 g, 5 moles ester) and ethanolmmine (2443 
g. 40 moles) under nitrogen. The mixture was stirred and 20 
heated at 150 c C. for 35 hours and then aJkiwed to cool to 
room temperature* The mixture was diluted with methanol 
(5 liters) and added dropwise to 3 volumes of mechanically 
stirred toluene:. After completion of the addition, the mixture 
was allowed to stand undisturbed for 10 minutes. The 25 
supernatant liquid was decanted and the residue was washed 
twice with toluene (2x300 mL). The residue was dissolved 
in methanol (3 titers) and added dropwise to three times me 
volume of stirred toluene. The precipitate was collected in a 
Buchner funnel and washed twice with toluene (2x200 ml.). 30 
Drying overnight under high vacuum at 50" C. afforded 
poly*2-hydroxyethylmcthacrylamide~co-mcthyl 
methaoylate) (550 g. 85%). 

To a 1 liter 3 neck round bottom flask equipped with a 
mechanical stirrer was added poly(2« 35 
hydroxy em ytmeih a cry! amide co* methyl mem aery la ie) (52 
g. 403 mmole OH) and dumethylf orma mide ( DME 300 mL) 
under nitrogen. The stirred mixture was heated at 150° C, 
until complete dissolution occurred and then allowed to cool 
to room temperature. The stirred mixture was treated with 40 
methanesutfonyl chloride (58 g. 506 remote) and heated at 
100° C. until homogeneous. The mixture was then stirred an 
additional 2 hours at room temperature. The mixture was 
diluted with DMF (50 mL) and added during a 10 minute 
period to a solution of sodium methoxide ( 101 g. 1.8? mole) 4 * 
in DMF (100 raJL) under nitrogen. After stirring for 2 hours 
at roam temperature, most of the solvent was removed by 
vacuum distillation ( 15 mmHg, 80 p -150» C. The resulting 
residue was dissolved in methanol (3 liters) and ultrafiltcred 
using a tangential ultrafiltxation system (Amicon B6) 30 
equipped with regenerated cellulose membrane (MWco= 
3000. 4.2 ft 2 ). After 8 retcntate volumes of permeate were 
collected, the retentate was filtered through Whatman No. I 
paper. The filtrate was concentrated under reduced pressure 
using a rotary evaporator. I Tie residue was evacuated at high 55 
vacuum for IS hours to afford the desired product (41 g. 
91%) as a slightly brown solid, The mole percentage of 
oxazoiine was determined to be 86%* based on the inte- 
grated intensities of the oxazoiine Of, (multiptets, $ 3-77 
and 4.28. 411) and ester CH, (s, 5 3.63. 3H) signals in the « 
l HNMR speLirtim(300 MH2. CD,OI>n*MS) of the product- 

EXAMFLH3 

Formulatiott of Coatings 6J 

The car taoxy/pcrtl uoroal ky l-terminated hypcrbranched 
polyester was dissolved in isopropanol (30% wAv). The pll 



of the solution was adjusted to 7-4 with ammonium hydrox- 
ide ( IN"), To the solution was added an aqueous solution of 
polylPO/MMA 00% w/w. 7,85 mmoles oxazolinc/g 
polymer) in an amount required to achieve a I: I mole ratio 
of oxazoline^C0 2 H . Ethylene glycol was added to the mix- 
ture in an amount equal to the combined weight of hyper- 
branched polymer and polylPO/MMA- The mixture was 
then diluted with deionixed water to achieve a final concen- 
tration of 1 0-12% w/w solids, The mixture was stirred until 
homogeneous and then Altered (0.5 urn). 

EXAMPLE 4 

Application of Coatings to Substrates 

Each coating formulation was applied to a single infrared 
AgCl crystal window (2.5x2.5x0.1 cm) and a glass micro- 
scope slide (25x75x1 mm) with a Paul-Gardner wire- wound 
film applicator (AP-FD02.5. wire #2.5) for determination of 
the extent of cros slinking and contact angle measurements, 
respectively. 

EXAMPLE 5 
Thermal Cure of Coatings 

Freshly coated subsfcates were cured in an oven at 1 10° C 
The infrared windows were removed from the oven follow- 
ing cumulative cure times of 0 25 h. 0.5 h. 0.75 h. I h. 4 h. 
10 h, 24 h, and 46 h (or 48 h). The windows were allowed 
to cool to room temperature prior to spectrometry analysis. 
The coated glass slides were removed from the oven after 1 
hour of cure and allowed to cool to room temperature prior 
to contact angle measurements. 

EXAMPLE 6 

Determinatioo of the Extent of Cros slinking in 
Coatings 

The extent of crosslinking in the coatings was determined 
by monitoring the amide M — If. amide C=0. and oxazoiine 
C— N stretching absorptions using FTIR spectrometry, 
Spectra were recorded on a Nieoiet FUR spectrometer and 
analyzed using OMMC FOR software, F1TO spectra of the 
cured films feature an amide N — H stretching absorption in 
the region from 1500 to 1550 cm' 1 and overlapping amide 
C=0 and oxazoiine C*^N stretching absorptions in the 
region from 1580 to 1680 cm"'. The extent of mwslinking 
in cured coatings was calculated using equation I: 



Oxteat of c**sJ»ii*ina, % = 



t 100 



here A,,^ v . w is the integrated amide N — H absorbance. 
A ^ ^ is the integrated amide C^=K> absorbance, A,,^,^ 

is the integrated oxazoiine C— N absorbance, M S-H 
is the absorptivity of the amide N— H stretching absorption, 

,M ^ is the absorptivity of the amide C^KJ 



stretching absorption, and A . 



Um0 is the absorptivity of 



the oxazoiine C^N stretching absorption. Absorptivitics for 
the amide N— H, amide C - O. and oxazoiine C N stretch* 
lug absorptions were derived from the slopes of absorbance 
versus concentration plots for the model compounds poly 
[ N-(2-hydroxy ethyl )methacrylamidc- co-methyl 
met ha cry I ate I. N T -( 2 -hydroxy ethyl)- 2.2 
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dimethyl propan amide, and poty<2-i:§opre^ayl~2-oxazo<ine- 
co-mcthyl rncthaeryJate). respectively, The absorptivity of 
the amide N — H stretching absorption is 8x10° cm/mole In 
the range from 1500-15 50 em~\ The absorrrtivities of the 
amide C^O and oiazolinc 0» N stretching absolutions are 
i.81xl0 7 cm/mole and L58xl0 7 critfmole in the range from 
15&0-168O cm"" 1 . 

The results of cure studies employing hypcrriranche<l 
polymer coatings are shown in Table 2. 

EXAMPLE ? 

Contact Angle Measurements 

The contact angles of detonized water and hexadecane 
( Aldridk 90+%) on cured coatings were determined using a 
Rame-Hart goniometer (Model A- 100). The liquid drops 
were applied using a microliter syringe (GOmcm). The 
advancing contact angle of water was measured on a 50 |d 
water droplet and the receding contact angle was measured 
after 30 ul of water was withdrawn from the droplet* The 
advancing contact angle of hexadecane was measured on a 
5 ul droplet and the receding contact angle was measured 
following the withdrawal of 3 ul of hexadecane from the 
droplet. 

The results of contact angle measurements performed on 
hypcrferanctted polymer coatings are provided in Table % 
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TABLE 2 continued 



Knmjter*med Pobmmt .Surfactactt — 



Coal- 



15 



rstion mole R f mole % CO,M 



Ou*e Tune O.'-vvlmk irig; 



64 



40 



5 1 



(S3 



t**ifs % 


025 


12 


0.5 


88 


0.75 


lift 


1 


89 


2 


91 


4 


'74 


10 


99 


24 


100 


48 


99 


0.25 


36 


05 


9M 


075 


94 


1 


96 


2 


97 


4 


LOO 


50 


99 


24 


98 


46 


97 


0.25 


76 


0.5 


79 


0.75 


fti 



TABLE 1 



i^W^ 9 f i^^.^rllcpcueiJ^I-lf-fiyinBftM ^ypertpacbed Polymer* 

«Mft>fcn«g ^ C t H IT SC^fct|CH,CDq Acinic A^dride iV*** 



OH 



1 


2 


1.90 


IT 1 


aas 


:.4o 


3 10 


300 


140 


12 




2 


2 


J. SO 


11.7 


2.17 


3.60 


1.50 


150 


too 


22 


36 


3 


5 




24.7 


MS 


2.00 


2.50 


250 


250 




4& 


4 


3 


316 


111 


3.80 


14.6 


zm 


28.0 


280 


40 


M 


5 


4 


300 


26.0 


1.2a 


242 


3.00 


300 


250 


11 


63 


6 


4 


300 


2*0 


4 ft) 


sou 


3 10 


30jG 


25 O 


23.0 


48 



TABLE 2 43 TABLE 2-comwucd 




Coat- Hern. Cure Time Cro»ku*uaf Coit- r«ne- Owe lime Crosslmkini 

mg raUce lttk % nx>k % TO^M Jwur* % 50 iry| ret**! usote % R f mote % C0 2 H haun * 



0.35 








I 


82 


0.3 


Sfi 






2 


86 


0.75 


99 






4 


87 


1 


90 






to 


91 


2 


93 


53 




*4 


95 


4 


94 






4* 


97 


to 


96 




6 4 25 


48 025 


82=2 


24 


97 






03 


87 


46 


99 






0.75 


as 


0 25 


81 






1 


91 


05 


39 


60 




2 


93 


0.75 


>1 






4 


96 


I 


93 






10 


97 


2 


97 






24 


99j6 


4 


too 






48 


100 


10 
24 


too 

95 












Coaling* c jfed ai 110" C 






46 


97 




It, «s. —C^j-r 
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TABLE 3 



Ftimcti lfwnin of HTOrtnTujcbed Jtelvroet C.numnt 
HvperbraiKhd Polymer SiufocBMt Coquet Ajttif . dtrna 



Co»ai$ CirnenHm male * R, mote % CO,H e. w— e, , e. 



t 


2 


12 


56 


112 


§5 


61 


61 


2 


2 


22 


*6 


in 


84 


6* 


63 


1 


3 


64 


46 


ill 


ftl 


66 


66 


4 


3 


4U 


?l 


U3 


S9 


6» 


&■? 


5 


4 


5 1 


63 


115 


83 


6« 


67 


6 


4 


23 


48 


IQ6 




68 


fiS 



rToatrnf* cured ai HIT C. for i how 



It will be apparent to those skilled in the art that various 
modifications to the preferred embodiment of the invention 
as described herein can he made without departing from the 
spirit or scope of the invention as defined by the appended 

claims, 

The embodiments of the invention in which an exclusive 
property or privilege is claimed are defined as fallows: 

1. A water-soluble or water-dispersible fluorine- 
containing dendritic polymer surfactant having at least one 
pendant fluorocarbon moiety and at least one pendant 
anionic moiety. 

2. The dendritic polymer surfactant of claim I represented 
by the formula 
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dant fluorocarbon moiety and at least one pendant 
anionic moiety l 
a crosslinking compound containing a plurality of oxazo- 
linc or oxazine moieties represented by the formula 



23 



\ 



30 



where D represents a dendritic polymer. R r represents a 35 
ftuorocarbon-cottaining moiety. A represents an anionic- 
containing moiety, C represents a cation* T represents a 
terminal group of the dendritic polymer which has not been 
fo rationalized with a fluorocarbon or anionic moiety, n and 
m are each at least one, and the sum of n+ra*<j is the total 40 
number of terminal groups on the dendritic polymer. 

3. The dendritic polymer surfactant of claim 2. wherein 
the dendritic polymer is a dendron or deridrimer. 

4. The dendritic polymer surfactant of claim 2. wherein 
the dendritic polymer is a hyperbranched polyester. 

5. The dendritic polymer surfactant of claim 2, wherein 
the fiueffocarbon-coataifting moiety includes a linear or 
branched fluoroalkyl group having at least one terminal 
tri fluoromethyl group and containing at least three fully 
fluorinated carbon atoms. 

0 The dendritic polymer surfactant of claim 2, wherein 
die fluorocaibon-coutaini ng moiety includes a perftuoro- 
alkyl group. 

7. The dendritic polymer surfactant of claim 2. wherein 
the tiuorocarbon-containing moiety is represented by the 
formula-^COCH 2 N(C 2 H 5 >S0 2 CC 7 F^CF 3 ). 

8. The dendritic polymer surfactant of claim 2, wherein 
the anionic-containing moiety includes a carboxylatc group, 

0, The dendritic polymer surfactant of claim 2. wherein 
the T groups are hydroxy groups. 

Ifr. The dendritic polymer surfactant of claim 2. wherein 
die cation is ammonium. 

11. The dendritic polymer surfactant of claim 2, wherein 
the cation is a low molecular weight protonaied amine. 

12. A non-stick coating composition comprising: 
a water-soluble or water-disperstble fluorine containing 

dendritic polymer surfactant having at least one pen- 



o c— H 

H 

where each R is a hydrogen atom, a hydroxy methyl group 
or an organic radical, and k is one or two; and 

an aqueous solvent cortiprising prtmarUy water and 
optionally containing a minor amount of an organic 

sorvent- 

13. The coating composition of claim 12. wherein the 
dendritic polymer surfactant is represented by the formula 



where D represents a dendritic polymer. R r represents a 
fluorocarbon containing moiety. A" represents an anionic- 
containing moiety. C* represents a cation. T represents a 
43 terminal group of the dendritic polymer which has not been 
functionaHzed with a fluorocarbon or anionic moiety, n and 
m are each at least one. and the sum of n+m+q is the total 
number of terminal groups on the dendritic polymer. 

14. The coating composition of claim 13. wherein the T 
so groups are hydroxy groups. 

15. The coating composition of claim 13. wherein the 
dendritic polymer is a hyperbranched polyester 

1*. The coating composition of claim 13. wherein the 
fluorocarbon moiety is a linear or branched fluoroalkyl 
group having at least one terminal trifluoromethy 1 group and 
containing at least three fully fluorinated carbon atoms. 

17. The coating composition of claim Ifi. wherein the 
a nion ic-containi ng moiety includes a car boxy lair group. 

18. The coating composition of claim 13, wherein the 
oxazoline crosslinking agents include poiymeric compounds 

go containing pendant oxazoline moieties, 

1$. The coating composition of claim 18. wherein the 
oxazoline crosslinking agent is an acryiate polymer having 
pendant oxazoline moieties. 

2t. The coating composition of claim 13. wherein the 
dendritic polymer surfactant and oxazotine crosslinking 
agent comprise from about O.Oi to about 60% of the 
composition by weight, 
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21. The coating composition of claim 20. wherein the 
amounts of fluorine containing dendritic polymers and 
oxazoline cros stinking agents arts selected so that the mole 
ratio of oxa/oiiae moieties to anionic moieties is from about 
0.8:1 to about I 2:1, 5 

22. The coaling composition of claim 13, wherein the pH 
is from about 7 lo about 8. 

23. The coating composition of claim 15. wherein the 
fluorocarbon-comaining moiety includes a perfluoroalkyl 
group, 

24. The coating composition of claim IS. wherein the 10 
fluorocarbon-containing moiety is represented by the 
foiToula^XiCH^Ni^H^SO^QF^CF,). 

25. The coating composition of claim 13. wherein the 
anionic-coniaitting moiety includes a carboxylate group. 

26. The coating composition of claim 13. wherein the 13 
cation is ammonium. 

27. The coating composition of claim 13. wherein the 
cation is a low molecular weight protonated amine, 

2& A highly crossiiaked protective coating comprising a 
reaction product of a dendritic polymer surfactant having at 20 
least one pendant ftuorocarbun moiety and at least one 
pendant anionic ruoiery and an oxazoline erosstimting agent 

29. The coating of claim 28. wherein the dendritic poly- 
mer surfactant is represented by the formula 



where D represents a dendritic polymer, R r represents a 
fluoroearbon containing moiety. A" represents an anionic- 
containing moiety. C* represents a cation. T represents a 
terminal group of the dendritic polymer which has not been 
functional! zed with a fluoroearbon or anionic moiety, a and 
m are each at least one* and the sum of n+m-K| is the total 
number of terminal groups on the dendritic polymer. 
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3#. The coating of claim 29, wherein the T groups are 
hydroxy groups. 

31. The coating of claim 29, wherein the dendritic poly- 
mer is a hyper bra ©cried polyester. 

32. The coating of claim 29. wherein the fluoroearbon 
moiety is a linear or branched fiuoroalkyl group having at 
least one terminal trifuoromcthyi group and containing at 
least three fully fluorinated carbon atoms. 

33. Hie coating of claim 31. wherein ihe anionic- 
containing moiety includes a carboxylate group. 

34. The coating of claim 29, wherein the oxazoline 
eros slinking agents include polymeric compounds contain- 
ing pendant oxazoline moieties. 

35. The coating of claim 34, wherein the oxazoline 
crosslinking agent is an aery late polymer having pendant 
oxazoline moieties. 

3#. The coating of claim 35* wherein the amounts of 
fluorine -containing dendritic polymers and oxazoline 
crosslinking agents are selected so that the mole ratio of 
oxazoline moieties to anionic moieties is from about 0.8: 1 to 
about 1.2:1. 

37. The coating of claim 29. wherein the fluorocarbon- 
containing moiety includes a peril uoroalkyl group. 

38. The coating of claim 29. wherein the fluorocarbon- 
cnrttaining moiety is represented by the formula — COCH,N 
(C 2 H 5 >S0 2 (C 7 F J4 CF 3 >. 

39 The coating of claim 29. wherein the anionic- 
containing moiety includes a carboxylase group. 

4ft Hie coating of claim 29. wherein the cation is ammo- 
nium. 

41. The coating of claim 29. wherein the cation is a low 
molecular weight protonated amine. 

***** 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,731,095 
DATED ; March 24, 1998 

INVENTORS) : Larry A* Mllco and Donald A. Toraaiia 

Page 1 of 2 

ft is certified that error appears in the abov«Hdentif>ed paten! and that said Letters Patent is hereby 
corrected as shown below: 

Abstract, line 15; 

Delete *at least" (1st occurrence). 
Column 2, line 56; 

w rnacromolecular n should be -macro molecule-. 

Column 3, line 4; 

"cove" should be -core—. 
"Column 5, line 36; 

*a* (1st occurrence) should be -an—. 
Column 5, After line 55,(2nd equation); 

"fTTLp Dendrimer (etc.)* should be 
-{HO]ftop Dendrimer (etc .)-♦ 
Column 6, line 13 

"oxazolmes* should be -oxazoline-. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 5,731,095 
DATED : March 24, 1998 

INVENTOR(S) : Larry A. Milco and Donald A„ Tomaiia 

Page 2 of 2 

ft is certified thai error appears m the above-«dent»ied patent and that said Letters Patent is hereby 
corrected as shown below: 



Columns 11 & 12, Table 2, line 2 of the 3 Sections, Subheadings; 

*Hyperbnmced" should be - Hype rb ranched-. 
Column 16, claim 32, line 7; 

"trifuororoethyl* should be -trifluoromethyl-. 



Aitest; 



Signed and Sealed this 
First Day of September, J 998 



aRLC fc LEHMAN 

Attesting Officer CW*^si«>*s«*/ of p&rrntf &n<i Tf&4*-m#tkt 
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RELATED PROCEEDINGS APPENDIX 

None. 
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